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Introduction of Electronics in Telephone Switching’ 


By PRINCE LOUIS DE 


HE possibility of controlling mechanical 
movement at a distance with the help ot 
electric Current was very quickly noted 

science In the 


1820 


tounders of electrical 


by the 


memorable research he did in and sub- 


sequel thy on electrodynamics, Ampere pointed 


out the principles of electrical telegraphy, a 


practic system of which was not developed 


la 
| 30 vears or so late 


unt 'r. Quite a long time after, 


the motions. of ir constituting sound were 


transtormed by a microphone into variations 


in electric current that were retransformed 


were ident ( al. 
the 


the receiver into sounds that 


ist very similar, to those striking 


icrophor This was the start of telephony 


Phe i { electromechanical devices to trans 


form motions into electric current variations, 


indy versa, afterward became very wide 


spread na innumerable 


Ble mndel’s 


Variations 


formed the basis for 


iwentions. | shall only mention here 


ph, which by transforming 


Ost ilowt 


of a current into movement of an. oscillating 


mechanical svstem allows the waveform of the 


current to be recorded. This oscillograph, which 


it the time of its development was properly 


regarded as a remarkable measuring equipment, 


is today considered rather out-of-date and has 


been replaced by its electronic counterpart, 


the cathode-ray oscillos« ope. 


Since the beginning of this centurv, a new 


} 


branch ot has 


electrical scienc e. electronics, 


I ipidly ce veloped. It originated with discoveries 
by physicists regarding the elementary particles 
ol matter, and in particular the elementary 
particles of negative electricity called electrons. 
\s physicists unceasingly increased their knowl- 
edge of the properties and role in the structure 
of matter of these elementary particles, tech- 
nicilans were able to make progressively more 


mgenious applications of these electronic ele 


ments essential roles in a great variety of 


Broglie on 
240-line 


“Opening remarks delivered by Prince de 
ary 22, 1960 at the demonstration of the 


Jat 


i 
ill-elect: telephone exchange in Paris, France 
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Ff 


devices. To specily what an electronic element 


Prot 


paper, that in this classification can be 


is, We can say, as did (soudet in a recent 


included 
1d gas tubes and 


‘not only electronic vacuum ai 


semiconductor crystal diodes and_ transistors, 
elements: 


fulfil 


1 
ferroelectri 


| 


the qdevices 


but also magnet ind 


more generally, all that 


1 


functions through the movement of electric 


or magnetic particles without displacement ot 


ponderable quantities of matter 


lor the past half-century, we have witnessed 


ntrusion of electronics 


the partial or even total 


in domains formerly occupied entirely by electro- 


mechanics ft total substitution 


| 
\s an exampl 


we have seen Blondel’s le tromechnant al Ost illo- 


graph completely replaced by the cathode-ray 


oscilloscope, of which the prototype was Braun's 
tube. Another outstanding example is the de- 


velopment, at first rather slowly, of televisio1 


Here, 


Wire or by 


techniques i problem was to transmit 


either by modulated radio waves, the 


currents generated by photoelectric cells or 


which were projected very rapidly in continuous 


succession all the points of illuminated scene. 


The first pioneers of television tried to scan the 


picture by mechanical devices such as rapidly 


rotating disks and vibrating forks. Despite 


the ingenuity of their efforts, they did not 


succeed because mechanical parts have too 


much inertia to. provide satisfactorily — the 


extremely rapid rhythm necessary to scan the 


pi ture The solution was Zworykin’'s iconos« ope 
ind its improvements. Today in television trans- 


mission everything is electron 


The 


mentioned 


and reception, 


success of electronics the techniques 


and in similar ones can 


just 
plained by the fact that electronic devices have 


much-swifter operation and much-greater flexi- 


bility than mechanical or electromechanical 


devices. Nevertheless, despite thei superiority 


from these points of view, their victory has not 


been complete in all fields in which their intro- 
Thus, in 


duction was possible ; electroacoustics 
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although electronics have been introduced in 


equipment like magnets recorders, the bask 


transducers such as microphones, pickups, and 
loudspeakers remain electromechanical in nature 
Similarly, 


telephone SWIit¢ hing, 


in the very-important technique ol 


the introduction ot elec 


has so far been only partial, and this 


tronics 
problem brings us to the object of this meeting. 
In the first developments in telephone switch- 


the devices used were exclusively electro 


mechanical and the circuits of which we are 


to speak were still hot clearly differen- 


VON? 
tiated. Now, specialists distinguish among three 


circuits in a central office 


sorts ol 


11¢ h must 


ind 


\) The switching or speech circuit, 


the calling and called subscribers 


connect 


provide the speech path between them 


which must record and 
} 
i 


B) The memory circuit, 


the orders of calling subscribers 


store 


( The control circuit, which must see that 


these orders are executed as rapidly as possible 


» Spee h circuit 


} 
T 


heir respective 


be bettet 
electromecha 


itral offices 


ol perfection 


whether there 


h usIng electronic S: It seems, 


however, that the reply must be in the affirmative 


Telephone switching equipment must possess 


orTeal flexibil tv and great rapidity ol operation 


t must occupy as little space as possible SO aS 


to reduce the size of the premises where the 


exchange nstalled: it must be easy to main 


tain; and it must have a long operating life 


he electromechanical systems presently in use 

improved to the point where they 
fulfil satisfactorily most of these conditions 
Nevertheless, 


electronics in 


it seems that the introduction of 
when suf 


ful 


telephone switching, 


ficiently them to be 
filled 


moreover, 


perle ted, will allow 
This 


with 


even better. evolution appears, 


the general trend 
No doubt it 


be some time before purely electron telephone 
bec 


consistent 


toward electronic automation will 


switching becomes general ause 


S 


prac ti 2, 


ind also 


Its perfection will require long study 
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because whose 


the present central offices, per- 


satisfactory, will not be re 


But, 


the technicians of today must strive to perfect 


formance is very 


placed overnight. looking to the future, 


purely electronic switching; that is why the 


Laboratoire Central de Télécommunications 


devotes part of its effort in that directior 
Let us now return to more-specific considera 


tions. It is easv to introduce electronic elements 


in the control circuits and in the memory circuits 


especially in the latter, where it is quite natural 


cores 


to use such memory elements as the ferrite 


currently used in electronic computers. Such 


applications have already been made, resulting 


in a mechanoelectronic switching system that 


the 
lo 


the 


is only semielectroni since switching Ol 


speech circuit remains electromechanical 


obtain fully electron telephone switching, 


CONNEC tions in the speec h circuit must be m ide 


by purely electronic means 


Ihe first questiol that then arises is the 


used as conta 


elements to be 
d ( tilled lit 


YAS diodes Ol 


Ol the ele tronu 


between calli il es Recourse Cal 


be had either to to semiconductor 


elements. Since any method using hot- ithode 


diodes must be dis irded because ol the exces 


Sive enerey needed to ‘al the ( ithode Col 


: 
tinuously, the two elements that have beet 


most used, at least here at tl boratoire 


Pélécommunications, silicon 


cold ( 


Central ce 


the athode vas 11 hese 


diod 


junctions, called gates il electro 


have quite different characteristics 
The silicon diode, very small ai 
lite, 


COMNSUMCS 


The cold ( 


tically indefinite 


order of only a few milliwatts ithode 


filled 
doubt 


as diode, LOT example \ 


without more fragile and does have 


such long life, but its characteristics are never 


from. thes 


the 


consumed by 


theless quite satistactory points ol 


VIEW It consumes ener: ol ordet ot one 


than that the 


the 


much higher 
On 


watt, 


diode other hand, it 


silicon possesses 


a characteristic that makes it very worthy of 


consideration, ior 1t 1s a vate endowed with 


The silicon diode is a gate that 


memory. opens 


when voltage is applied in the right direction 


and closes when subjected to a volt ive 1n the 


But, 
the 


opposite direction as it obeys only the 


voltage applied at moment, it does not 


and therefore to secure 


DOSSeSS 


| any 


Memory 
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satisfactory telephone switching, it is necessary 


to associate with each of these gates a memory 
of the flip-flop type, for example. 

This complication does not exist with cold- 
cathode gas diodes. They are quiescent under 
an operating potential of about 105 volts, but 


are fired when the voltage at their terminals 
reaches about 170 volts. If a voltage pulse brings 
the 105-volt operating potential difference at 
the terminals to more than 170 volts, the diode 
is fired and remains fired after the voltage pulse 


ends. For this reason, it can be said that the 
diode remembers the firing order that was given 
to it. The same applies to an extinction order 
in Which the voltage is dropped below 105 volts. 


ol the vas diode makes it a par- 


This memory 
dvant ieous type ol contact. 


that 


ticularh 
\nother ve 


nection 


neral question might arise 


in col with telephone switching is the 
choice between space switching and time switch- 
Phe usual tvpe ol central office establishes 


called 


a space path reserved 


We 


direct connection between the 


i SIT} le 


ind the « illing lines over 


for the conversation of these two subscribers. 


This may be said to be entirely space switching 


and, il itis desired lo replace the ele tromechan- 


ical contacts with electronic ones, the simplest 


idea is to proceed in the same way 


However, considering the very-great rapidity 


another process can be 


{ 


Oo electron controls, 


envisaged, that of using one of the principles 


communication, particular, 


of multiplex 
time-division multiplex. In this system, we no 
have switching but rather time 


longer space 


switching. These systems have been the object 


of numerous patents, particularly those received 
by Dr. Deloraine 1 
viven rise to several experimental studies. 


| he 


is Well known and it is used in numerous branches 


vears OF SO ago, and have 


principle of time-division multiplexing 


of telecommunication. The transmitter sends a 


series of pulses at regular time intervals. Each 
pulse series reproduces the modulation of a 
current, tor example al voice-frequency current, 
and many of these pulse series can be interleaved 


in such a wav that manv signals can then be 


transmitted on a single channel. On reception, 


a switching svstem distributes the different 


pulse series to their separate channels for re- 


conversior to the voice-frequency signal. 
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The success of this method les in the following 


fact: oscillations in a mechanical or electro- 


magnetic system can be maintained by applying 
properly timed pulses. However, in the case of 
telephone switching, a complication arises that 
does not exist in normal multiplex transmission 
where each pulse series is always on the same 


incoming channel, which therefore corresponds 


permanently to this series. In telephone switch- 


ing, it must obviously be possible for each pulse 


series to be directed to any of the incoming 


channels so that the desired communication 


can be established between the ¢ alling and ¢ alled 


Phis 


solved by accepting some complications. 


subscribers. additional problem can be 


Fully electronic telephone switching time- 


division multiplex perhaps has an important 
future, but it raises complex problems and so fai 
only preliminary studies have been made 


The | 


which is 


iboratoire Central de Télécommunica- 


studying these problems very 


tions, 


closely, has therefore restricted its actual de- 


signs to telephone switching developments of the 


\fter a certain number of attempts, 


space type. 


which had been delayed by the difficulty of 


it constructed a 20- 


1957 


obtaining good crosspoints, 


line fully electronic automatic exchange in 


for the French Navy. On warships, telephone 


installations must be compact and must be 


resistant to shocks, as these are frequent and 


particularly violent when the ship is under fire. 


Fortunately, the exchanges on these ships serve 


only a verv-small number of lines. These circum- 


made it very desirable and _ relatively 


stances 


easy to develop a fully electronic installation 


In the constructed three vears ago, the 


one 


crosspoints were silicon diodes, to which were 


Ss memories. 


added, as we have said, flip-flops a 


To take another step in the same direction 
and to show the principles on which, no doubt, 
it will be possible to develop fully electronic 
eCX¢ hanges of thousands of lines, the Laboratoire 
rélécommunications is demonstrat- 


a 240-line fully 


Central de 


ing to us today electronic auto- 


matic telephone exchange, in which the contacts 


are gas diodes without auxiliary flip-flops. | 


shall not be so presumptious, [| almost said 


imprudent, as to try and present to you this new 
technical problems ol 


development, in) which 


great complexity are resolved very elegantly. 
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24()-Line Fully Electronic Telephone Switchboard ° 


By GEORGES GOU DET 


\L switching sys- 


PROM EC 


evolution 


HANI 


shows a 


LEC 


tem trend toward 


separation of the functional elements into 


two categories 


\ Those elements that establish a connection 


between the « illing and called subs ribers the 


DECCH Circ 


B Those that vive the necessary instructions 


control circu 


to the speech circuit the 


ind 


contaminyg 


The latter is simply a special compute 


is such it must include memories 


the information describing the condition of the 


svstem and a /ogic circuit capable, according to 


+} 


he stored preparing the 


\ modern 


switching system is therefore divided into speech 


and new data, ol 


instructions given the speech circuit 


circuit, logic circuit, and memories 


Functionally, these three parts have quite 


different characteristics, particularly regarding 


the time that eac h of them must devote to 


providing communication between subscribers 
» logic circuit intervenes for the establishment 
or release of connections. Its action is transitory, 
the duration of its use depending only on its ow 
The different 
for instance, those regis 


al called hey 


connected during the entire time 


speed ol operation situation 1s 


with certain memories; 


tering the number of line mus! 


remalt neces 


sarv for dialing if the logic circuit is to have the 
desirable flexibility and speed. 

The speec h circuit in electromechanical sys 
tems must provide a path tor the whole duratio 
of each conversation 

The preceding analvsis shows that the speed 


Ol operation of electronic components Can be 


particularly well utilized in the logic circuit. | 


e des 


16, 1960 
nerican Insti 
\ February , 1960 
Imerican Institute of 
ication and Ele 
1960 


Rach 
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the most-elegant application, this speed elimi 
nates all duplication of equipment, a single logic 
circuit being successively used for setting up all 
calls. The principle is called time sharing 


Naturally, 


beneficially in 


electronic components Call ilso be 


used the memories, but in this 


case it is impossible to apply completely the 


preceding principle. Just as a crossbar central 


othice includes a relatively high number of electro 


mechanical registers, an electronic switchboard 


must include several electronic memories for 


handling several calls simultaneously 


Finally, for the speech circuit, there e three 


difterent types’ ol solution 


mechanical contacts 


\ There 
with 


could be used 


sufficiently high speed and a powel! 


requirement for Operation trom tronu 


} 


control circuit: this?’ ts em ron witch 


ing 


system, 


ilar 


then 


B Ele tronic contacts could be used s 


contacts \ 


to mechanical connectio S 


established by choosing a conducting path be 


tween the calling and called lines i complex 


network of contacts. This' is a tce-d Vision 


f 1) spy tohreye ’ , 
CLECLTONITCG SWUCHINGE SVSTCM 


hn circuit 


( Phere could be i pplied to the Spece 


the time-sharing principle as currently used in 


time-division multiplex links: samples of each 
conversation are taken periodic ally, the different 


sets of samples are interleaved and, finally, the 


complex train of pulses is sent over a transmissiot 


channel. Thus a number of simultaneous con 


versations can be handled on a single circuit 


G. Goudet:. “ neral onsideratio 
ye 
91; June, 1957 
\\ \ Malthaner ind HH | 
lelephone System | mployvir gy Mag 
weedy the TRE, 


1953 


vol Lthie¢ 


grewer and G. Hecht 

ind its Electro Control,’ Bell Syste 
pages 361-402; March, 1 
Joel, Jr., ‘‘I xperimental Switching + 


volume 34 


Pechniques,’ Be Systen 


1091-1124 


ctroni 


, page septel 
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Following this principle’ would give a_time- 


division electronic switching system. 
I. Previous Developmental Work 


switchboard can 
the 


Several types of electronic 


thus be conceived, differing in extent to 


which the time-sharing principle is applied, 


from a single one-at-a-time control and a time- 


sharing speech circuit, to space-division speech 


paths and many logic circuits. The choice is 


CONCEN- 
TRATION 
EXPANSION 
MATRIXES 


SUB- 
SCRIBERS 
SETS 


LINE 
CIRCUITS 


FIRST 
MARKER 


capable of four simultaneous calls and having 


two identical electronic registers 
In such a system, no equipment need operate 
within times shorter than 1 millisecond, which ts 


satisfied by the electronic compo- 


very -¢ isily 
junction 
Chis 


has 


nents used, especially by the silicon 


speech circuit. 


described.® It 


diode crosspoints in the 
equipment has already been 


proved its ruggedness and perfect reliability 


under the very-severe operating conditions on 


JUNCTION 
CIRCUITS 





LINE 
SCANNER 


BUSY- 
JUNCTION 


MEMORY | 











heavily niluenced by limitations in the speed ol 


operation of available components 
1951 and 1952, the 


Pélécommunications 


Phus, in Laboratoire 
constructed a 
100-line 
Un- 


elements avail- 


Central ce 


laboratory model of a_ time-division 


switchboard with a single logic circuit. 


fortunately, the semiconductor 
ible at that time precluded industrial use; but 
Navy, a 20- 


space-division switchboard 


in 1957 they built, for the French 


electronic 


line fully 


whan, “Research Model tor Time 
ommunication,” Bell System Techni 


38, pages 909 932; July, 1959 


Separatlo 
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battleship. It uses the pri ple of time sharing 


only to a small extent, cert rts of the log 


circuit being permanenth ned to each ot 


the 20 lines and other part ich of the two 


registers. HLlowever, this 1s the vervy- 


t 


small capacity of the equipment 


The application of these principles in central 


offices of up to several thousands of lines would 
be economically tnadmissible. It would lead to a 


multiplicity of identical elements that  it-, is 


ossible to replace by a single central logic ( ir ult 
| I 


\utomath 


] 
VOLUTNE 


®C, Dumousseau 0-Line 
lelephone Exchange, tlect ( , tion 
34 pages 92 101; Tur 
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using the semiconductor devices presently avail- 
able. To demonstrate this possibility, a 240-line 


private automatic branch exchange has_ beet 


built The tec hniques used can be extended to 
This 
equipment will be described with the help ot 
and. the 


offices Of up to several thousands of lines. 


the general block diagram, Figure 1, 


detailed di mentioned in the course of 


trams 


the text 


2. Description of Exchange 


2.1 SPEECH CIRCUIT 


Fa. Cro 


] 
electron 


Phis diode 1 
Bell 


is about 170 volts and 


Phe speech-circuit 
cold-« athode vas diode 


tube’ developed at the Pelephone Labora 


Its fir voltage V 


Tories 


voltage I, is about 107 volts 


s 


This type ol crosspoint IS advant 


switching because if the tubes are permanenth 


voltage iy when | . V . | 


° thay: 1 
one of them it 


supplied atl 


necessa\®ry 


to ipphy 


to fire 
temporarily between it ‘rminals an additional 


voltage greater than | \fter this marking 


voltage, the tube will ‘main fired For this 


reason, it is i Crosspoll 


with a meni 


kurthermore, the vas diode used 


p< ISSCSSCS 


volt r chat u teristi h Wing a neva 


s 


current 
tive slope it the oper iting point of 107 volts and 


Che 


nevative 


11°) milliamperes average dynamic im 


that 


nat ot a SO 


pedance 1s resistance ol 


idsoal 


\dvant ive has 


ohms at inductance of 18 millihenries 


been taken of the negative 
resistance to compensate the unavoidable losses 


When 


> 
capacitance ol 5 


in the other parts of the speech circuit 


quiescent, the tube has a 


picofarads, which makes if possible to keep 


crosstalk between lines to a sufficiently low level 


e of Speech Circuit 


The speech-circuit) functional diagram 1s 


given in Figure 2. It is a one-wire circuit com 


prising two selection stages. In the first stage 


the lines are subdivided into 6 groups ol 40 


lines each. Each group of lines enters a_rec- 


Cathode 
Signals 


1371 


NM ownsend and W \ Depp, “Cold 

\udio Frequency 

echnica Journal, volume 32, 
1953 


ismission. of 
page S 


1391 
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40 X 10 100 gas tubes, 


which gives access to 10 outgoing intermediate 
total of 60 


tangular matrix ol 


junctions. There are, therefore, a 


such junctions. Any two of these junctions can 
be connected in a triangular matrix comprising 


(60 & 59 


Communication between two subscriber 


1770 tubes. 

lines 
Canl therefore be established by connecting eac h 
of them to an intermediate junction of its group 
and then connecting the two chosen junctions 


fills the functions ot 


Therefore the first stage 
both concentration and expansion of the lines 


The each 


stage includes its own supph 


second stage mixes the junctions 


direct-current 
In the concentration-expansion matrixes, the 


anodes of the tubes are connected to vround 


through the wires drawn vertically in | 
through tl 


115 volts 


The cathodes are connected 


zontal wires to a supply ol 


In the mixing matrix, an intermediate 


must be connected to a horizontal and 


to obtain an intersection betwee! 


Wire 


lo place the necessary bias on the 


WUNCctIONS 


tal wires and the vertical wires, a trans 


horizot 
former is used to ¢ ouple each JUNCTION to 1ts two 
In the example ot 


2, this 


wires In the mixing matrix 


the two junctions represented in Figure 
coupling is obtained by transformers 7 
each having two secondary windings 


In the 


tubes are 


ithodes ol the 


the 


mixing matrix, the ¢ 


connected tO the vertical wires, 


anodes to the horizontal wires, and the junctions 


are numbered in the directions indicated on the 


connection between two junctions 


figure. The 
is made by a tube h iVilly Its ¢ athode connected 
to the junction having the larger number. It ts 
necessary to take this into account to mark 
the suitable direction. 


that 30 simultaneous connec 


It an be 


seen 


tions can be established. The possible tratty 
amounts to 9 erlangs with a loss probability of 


1 percent 
2.2 CONTROL CIRCUIT 
2.2.1 Main Function 


The main functions of the control circuit are 


\) Scanning the lines to detect anv new calls 


(B) Recording the dialed number for each call 
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( Finding a free path between the calling and imperceptible the waiting time tor the sub- 
called lines. scriber initiating a call. It can be assumed that 
the time necessary for a subscriber to pick up 


[D) Establishing the connection bv firing the the handset is greater than 500 milliseconds. 


proper three gas tubes. The period between two scans of a given line 


has, in fact, been set at 528 milliseconds. The 


+ 


Supervising and releasing of the connection time between two consecutive line scans 1s 


therefore 528 240 2.2 milliseconds (see | igure 


Po these main tunctions must be added 3A). This concerns only the detection of new 


tuxiliary functions, especially sending at the calls. It should be noted that the situation differs 


proper times of various tones: dialing, busy, when a calling subscriber star » dial as the 


ringing, ringback scanning cycle is then modified 


MIXING MATRIX x 
60 X 60 





6 CONCENTRATION 


NTERMEDIAT 
JUNCTIONS 
JUNCTION 
44 





240 SUBSCRIBERS’ LINES 


CANNING Oo} Lines and Re iS It Was considered th it except 


The principle of time sharing by a single logic changes required by their use with electronics, 
circuit requires it to scan the lines continuously it was not desirable to modify the conventional 


to detect new calls with a rapidity that makes 9 subscriber’s set. We have, therefore, retained 
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the conventional dial produced current pulses \n order is, il general, a complex operation 
of 33 out of every 100 milliseconds. It is necessary subdivided into elemental steps. Each scanning 
to scan the line at least once every 33 mull interval is subdivided into 16 equal time posi 


seconds during the dialing and to record the tions of 34 microseconds (Figure 4 Each is 


result obtained. For this purpose, when a line devoted to a step initiated by a 20-microsecond 


is identified as calling, it is connected to a 
register consisting of a row of ferrite cores. This 
register, being an extremely simple device, is not 
released as soon as the dialing is finished to ust 
it for other calls. On the contri , it is advan 
taveous to assigi tO a ¢ illing line for the whole 
duration of the conversation, the register gather 
ing all the information concerning the connection 
This facilitates supervision and especiall the 
release. For this reason the number of registers 
equals the number ol possible simultaneous 
conversations: namely 30 The registers are 
continuously scanned. According to the preced 
ny, less than 3 1.1 milliseconds should 
be devoted to each of them. Therefore, during a 


) 


line-scanning period milliseconds), more 


than two registers must be scanned. The choice 
of 3 (Figure 3B) leads to interleaving a line 
scan and three registe ans. » duration ot 


each an is. thet 214 55 mullisecond 


Figure 3 During t ime, the logic circult 


—550 
TIME IN MICROSECOND 





wot only ler | he condition ot the scanned liming ulse followed b 


element, { al rres out orders to make | microseconds 


svstem set i ao l “4 he connection, 
ye 


ae & ntral C /0¢ k and D coding Vat 


Such orders 
lhe operation ol the whole control circuit is 


svnchonized by a continuously running centra 


Searchin l 
\ Care p clock (| igure Jo 


The clock contains a 29-kilocvele per-sec ond 

2 : ° } a: ° . 
B) Testing the « til sine-wave oscillator from which the timing pulses 
ire derived. These pulses are recorded in binary 


Firing or switchu as tube, et cetera code in a set of four flip-flops connected as a 
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two sets ol 


In the 


counter. This counter connects to 


flip-flops also arranged as counters. first, 


appeal 
pattern 


the line numbers successively according 


to the scanning indicated in Figure 3 


One consists of decimal digits 


the 


line number 


the first indicates group number (/ to 6 


and third indicate the individual line 


(00 to 39). I 


the SEC ond 


number within the rach deci 


1 il 


here 


group 


digit separately appears 1m binary code. 


group number, 
and 4 bits 
a total 


are, therefore, 3 bits for the 


is number of the line, 


the 


? bits for the ter 


its number ot line, making 
Q bits 

number 
the 


the 


second counter the registe 


1 ; ilso 


pattern II 


with 
Hlere 


} 
a whole 


appears in accordance 
dicated in | 


is translated into binary 


iwure 3 


number code as 


there Is needed cl Capra itv ol 5 bits. 


each of 


] 


nected to i 


the three 


preceding counters Is col 


diode decoding matrix having as 


outlets as there are elements to be counted 


anned during a give 


ined 


iber 


ne or register to be S¢ 


millisecond mitery il is theretore determ 


outlet that bears its nun 


markiu v the 


in the corresponding de oding matry 


pulses are treated in a similar 


a decoding matrix, each ot the 


is sent at the proper time o1 


reserved for it to a number ot 
log circuit to open them 
step that depends on al 


| 
elsewhere 


lhe 


determine 


ction 
whether 
s three 


It h; parts 


he 


ntioned 


line 

precedil 
Phe individual testi 
to test ea h line 


\ ne 


( losed Or opell 





— = 


PER-SECOND 
OSCILLATOR 


PULSE 
GENERATOR 


REGISTER 
NUMBERS 
5 FLIP-FLOPS 


COUNTER 
4 BITS 


ieee eel 
16 
OUTLETS 


DECODING 
MATRIX 


DECODING 
MATRIX 


eyed 
30 
OUTLETS 


1960 © Volume 36 Number 3. ¢© ELECTRICAL 


29-KILOCYCLE- 


u 


LINE 
NUMBERS 
9 FLIP-FLOPS 





| 
| 
| 
| 
| 
= 


DECODING 
MATRIX 


| ty 
240 
OUTLETS 


COMMUNICATION 


node 


Che 


111¢ 


timing 
by 


‘ans Ol 


} 
£16. 


outgoing wire 
yates 1n the 
irt an elemental 


mber indicated 





Because of the fairly large number of lines, 9 flip-flops connected to the line flip-flops of the 
Figure 6 central clock. For economic reasons, this address 


s done i several stages 
in several stages comprising 


associated with is decoded 


Whe diode matrixes followed by 


a 


the decoding 1 

he individual testing circuit four 
subscriber's line is shown in Figure 7 two ferrite core sub 
the line is closed, a voltage appears across matrixes (Figure 8 


resistol \) \ND gate receives this information 
the line as well as a 


HY signal ol 


——____—_________——_> 


if the line is marked 
SUBSCRIBERS TOWARD 
MATRIXES 


his pulse ther places the line condi LINE 
i This Hip-flop is KW 
r 


condition / 


hal p tisses Ol ly 


5. ; ' 
common es and is thus driven through 


to condition Ob, 


iset of OR vg It is returned 


Ot Cac h SC al 


Pro onal Store 
; LINE - 


| NUMBER 
it described above | DECODING 
MATRIX 


timing pul 


identification of new calls 


Vit it must 


11¢ iS Callnyg, 


SCal 


that it 1s closed al l 
iS Ope at the precedit Yy SCa 


necessary to use ne memo? 


condition Is recorded 


240 ferrit , one per line 
CONDITION 
FLIP-FLOP 


matrix 


LINE NUMBER 
aonemmnal Nes 


TENS UNITS 


2 FLIP-FLOPS 4 FLIP-FLOPS 


DECODING 





DECODING 





DECODING 
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During the reading of a core, its content ts 
transferred to the resu/t flip-flop and is directed 
toward an AND yate that is also connected to the 
line-condition flip-flop. Only when a @ (line free 
at the preceding scan) is in the first flip-flop 
is in the second is a timing 


and a / (closed line 


yulse permitted to pass through the gate and 
| | | 


pl ice a third new-calling-line Hip-flop in position 
1 

When the new-calling-line flip-flop is in condi 
tion J, a timing pulse transfers the line number 
inscribed in the input flip-flops to a new set of 
tore flip-flops where this number 


Q provisiona 


remains until register scan indicates a free 


register 
\leans are, 


rewriting 


of course, provided for writing or 


information in the main ferrite 


core matrix ‘ad out 


- Status \Jemory 


When a 


ration is to 


calling line is identified, the first 


\ revistel 


ssigvgll a register to it 


is a row of ferrite cores that records all informa 


tion for the establishment, supervision, and 


rele ise Ol 


} DECODING 
MATRIX 


DECODING 
MATRIX 





DECODING 
MATRIX 
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junction connected 


The units digit of the 


to the calling subscriber® 


The units digit of the junctio 


nected to the called subscriber 


The code number of the order that 1 


by. the logic 


be carried out 


there are a total of 38 orders) 


rati 
ration 


improve! ents iter further 
ipacity ot 40 
The 30 registers are therefor rectangular 


30 K 40 


Lo permit possible 


experience, there is provided a « 
bits. 
elements having the usual 


This 


matrix of 


means ol writing and reading issembly, 


named ca status 
Figure 9 \ 


the 40 cores ol 


memory, is diagramed in 


horizontal wire passes through 


; “ 
i register I 


s one ot the 
30 outlets of the decoding matrix in the register 
scanner of Figure 5 \ timing pul ‘nt on this 
wire at he eginning starts the 


niormation 


COMMUNICATION 





Hops « illed the trans memor: cs then necessary to replace order J by 
be carried out depend esse1 ‘r 2 in the transfer memory. First, a timing 

ber of the order; therefore pulse wipes out the inscribed order and then a 

‘ring the order are coi coding matrix (having 37 inlets and 6 outlets 

outlet decoding matrix (one out connected to the order flip-flops ntervenes. 
ire 38 orders, but the first, Outlet J of the decoding matrix is connected to 
search for new calls an inlet 2 of the coding matrix through a flip flop 

an AND gate. A timing pulse passes through 


iterventi ite when order wire J is marked and it 





DECODING 


6 BITS 


ae 

A riMIN( 

FLIP-FLOP Cav ae 
" }/ PULSE 


\ A 


——— 





\ free registe! haracterized by the presence inscribes order 2. Similar arrangemet 
rrespect 


f order J, Z ister.” marking voltage used for all sequences Ol orders 1 


ol 


ther | ur » corresponding ordet whether or not their numbers are consecut 


Phe next step is to mark the horizo1 
by 


e Causes tl I I I gates con 


the provisiona store, whe re a new-< ill in the reverse direc tion ind lo Opell, 


to the 9 first flip-flops of | pulse, the input gates of the matrix to copy the 


line numbet 


transier memory, 1) ‘ Ing line number is contents of the transfer memory in the register, 


recorded which, thei cont uning ordet Z ind the calling 
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line nut ber, is reserved from that time on to the the number of the next junct nd 


On, 


call on this line until a preferred free junction is found 
\t each sean of the register, the calling line junction chosen is recorded as busv 1 
number is reproduced in a set of 9 flip-flops in fer memory, then this information is copied in 
. 


the line scanner. These, which are different from — the busy-junction memory, the flip-flops of the 


the line flip-flops of the central clock, are at the transfer memory are brought back to @, and, 


right-hand side of Figure 5. They assure that finally, order 3 is inscribed in t ISTE! 
the line tested at each scan of the register, 
every 2.2 milliseconds 
ifsmcnes x The register assigned to the 
contains all information necessa 
the calling line to a junction 
Phe ext order 2) is the search for a tree tube located at the correct 
netior n the group ol the calling subscriber concentration expansion 
is performed by a third ferrite-core memory, 
isy-gunction memory, a matrix of 6 X* 10 
row of 10 cores corresponding to each 
junctions. It has means of writing 
similar to those of the preceding 


the bloc k diagt inl, Figure 10, 
flops n which 
* sea>re hed 


COrre Spore 


TRANSFER MEMORY 


\ transter memory ot 10 flips Hops 
O BITS) 





\ timing pulse initiates reading of the row 
marked by the decoding matrix at the beginning 
in. The content of this row then passes 


to the transfer memory. It 1s then necessary to = 


hoose from among the tree junctions and to 


ivold a consistent preference that would use 


as tubes more often than others | PRIORITY 
DISTRIBUTOR 


some 


This choice is) performed by the priority 


{ 


distributor represented in the lower part  o 


Figure 10. Its a ounter that steps by one | 
unit at the beginning of each scan (every 550 


microseconds) between 7 and 9, thus designating 
\ preterred junction This number is detected 
by a 10-outlet matrix connected to 10 AND gates 
These gates are also connected to the 10 outlets 


of the transter memory. If a junction is both © role of the first marker 


tion fl 


11) I 
il} 


pre ferred and tree ; the corresponding gate passes 5 » line and jun 


-flOT 
LiQ)) 


i timing pulse to inscribe its number in the = status memory are represented 


register. If the preferred junction is not free, a The numbers written there first copied 


ition otf the 


1] 


coupling device between the flip-flops inscribes = marker’s flip-flops. Because the dur 
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varking is normally 2 milliseconds, the input = 2.2.9 Second Marker and Tone Generato) 


Hip-flops of the marker are protected by AND 
| | Che first marker having carried out its work, 


tes 1) » + > rec} re. i sa ° ° . ° 
vate under control of the revistel bus\ flip flop, the calling subscriber is connected to a junction 


which allows the signals to pass only when the — and the order counter is placed in condition 5. 


marker is free. Then an order flip-flop intervenes, \ new (second) marker receives the order to 
causing the decoding of the two numbers and connect the junction to the dial-tone generator 
therefore the marking of the line and junction The 4 tone generators are connected to the 60 

the suitable matrix tube. Certain precau- intermediate junctions through an auniliary 
tions described in the appendix have been taken matrix of 60 X 4 240 gas tubes. In this matrix, 


in the marking process. the 60 vertical wires are those of the mixing 


CALL-STATUS MEMORY ee 


MARKER J 


BUSY MARKER 
FLIP-FLOP 


DECODING OF 
JUNCTIONS 


TOWARD 
JUNCTION 


FROM FIRING 
DETECTION CIRCUIT 


] ] 
t { 


~ the markin operation 1s ver hed, mn ix and the 4 horizontal wires are « ected 


gy to order d, bi i ring-detection device, t¢ th tone 


vyenerators Lo provide for the pos 


sends an end-of-marking order, bringing sible firing of several tubes in the same row, each 
mack to 0 all the flip-flops of the marker. If this 
Dack te ill the flip-flops ol he marke I tl tube has a series resistor to limit its current 


SILI i h is not appeared within 20 milliseconds, 
3 ; Phe second market is of a construction and has 

lay device places the result flip-flop in posi 
. t\ I ‘ration similar { rst marke 

which means that the marking has Fos Shia pe of operator nul to the fi Markel 


t search for a new free junction is “) fring verification is performed on order 6 


inother tube [his operation IS Phis verification completed, the order countet 


satisfactory result is obtained Is pl iced in position 7 
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Varke y 


> 2 10 / hy rd 


his 


When 


line Current as he begins dialing, ordet 7 operates 


the calling subscriber lterrupts 
the third marker, similar to the preceding ones. 
It switches off the tube by temporarily decreas- 
ing the applied voltage to 90 volts 


2.2.11 Reception of Dialing 


Phe reception ol dialing is based on detection 
line. At 


It Is Necessary to Compare the 


of the current interruptions in a each 
line-condition flip flop with the transfer flip-flop 
associated with the core where the line condition 
was registered at the time of the previous Scan. 


Ihe 


subscriber flip Hops reserved for that purpose 


current pulses are recorded in the called- 


Order numbers 8, 9, and 10 correspond, re- 


Spe tively, to the recording of the dialed hun- 


tens, and units. A duration counter veri- 


dreds 
hes the length of the pulses in each train as well 


is the time interval between two different trains 


release is thus obtained in case of 


Counter 


rit omple ted dt ilit v 


/ S thscriber 


number of the « 


11, the illed line is 


transferred into the input flip-flops of the busy- 


kor order 


Jinn to determine the free or busy con- 


line. If it 


Memory 


dition of the is found to be free, the 


circuit marks it as busv from then on and 


LOY 1¢ 
places the order counter in position /4. If it is 


busy, the logic circuit places the order counter 


in position 72 and wipes the called line number 


register to prevent cutting off, at the 
the the 


out of the 


time of release ot calling subscriber, 


conversation in which the called party is engaged 


litional Order 


Bes 
Ihe 


cause they have provided a means of introducing 


first orders were described in detail be- 


the various parts of the exe hange. here are also 


the following orders 


Orde 12 ( all Ol second 1 arket to connect the 


calling junction J to the busv-tone generator 


Order 13—NVerification of order 12. 


Order 14-—Search for a free junction J’ within 


the vroup ol the called line L’. 
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] 
Markel 


Order 15—Call ot 
I to it 


first 


Order 16 Verification of « 


Order 17—Call of second 


tone on J’ 


Order 18 Verification of 


Second 


Order 19—Call of 


: ; 
back tone on J 


Order 20 


Verific: 


ition of « 


Order 21— Determination 


the called subscriber lift 


-2— Call of third 


Order 


the connection /’—ru 


Order 23 Call ot 


connection J 


} 


/ and . he second 


of the tubes in the mixing matrix 


hring 


narking a_ vertical horizontal wire 


ion it is necessary to mark 


In this 


opera 


positively the junction havin the smaller 


number. A comparison between the numbers 


of the two junctions must therefore be made 


This 


which 


function is fulfilled by the ordinator, 


is a set of 7 decodi vy matrixes associ 

ated with diode gates. It makes the comparison 

bit-bv-bit beginning that of the highest 
nk 


Order Verification 


the conversation \s 


the 


Surveillance of 
( alled 


logic circuit starts alternate surveillance of the 


hem 


O re } 


the subscriber answers, 


SOOT as 


two lines, devoting to each of t one 


register scan out of two. This allows release by 
either of the two parties 
Orders 27-30 


Release by third 


Orders 31 and 32 


work 


COMMUNICATION 





J 


na rf 


mole ie 
Perel eee 


cea eke Peet ; 
: en 


| ’ 
ie ee 


ey 
ep 


Over-all 


12 


il o Dac k 


itor 


tol requires 


550 nilliseconds I 


in 4 orders of a total duration 


Sd millisec onds. 


noticed that 


be 


it will 


be 


hOrevoing 


of the gas tu 


--by-stage, whereas an end marking cou 


have been obtained through simultaneous mark 


ny of three separate stages 


was the only one providing sufficient operatit 


ELECTRICAL 


XC 


the 


s has been performed 


The solution chosen 


TT TEOUEE 


id 


aa 


view of electronic exchange 


reliability ; taking into account the non 


the 


the as-tube characteristics ind 


{ 
Ol y 


3 SUBSCRIBER'S SEI 


The subscriber's set used® has 
device. The sound signals are 


transistor amplifier. They are 


ol 


ol 
two musical notes alternating 20 
rhe 1000 


CvC les pel SEC ond 


second frequencies are 


\ single- 


circuit’ provides protection against | 


Id 


Phe ringing power is only 1 milliwatt 


r Ly veloped with St 


Stuttgart, 


il cooperation 


(Gsermany 


} 1 
1v ore 
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ordinary telephone receiver driven by 


transistor 1 


1 
l 


times 


I 


produced by 


HOrmiity 


iVvenMye 


«lt novel PINVInNY 


all 


i single 


0.5 Se'( ond 


trains 
pel 
1600 


tegrating 


1c 


noise 


1960 





2.4 CONNECTION TO PUBLIC NETWORK 


Iwo orders are devoted to the connection 


ot subscribers to the public telephone network. 


\ subscriber who wants to be connected to 


the public network signals the operator by dial- 


ing 0. The control circuit operates in the same 


manner as in the case of an internal call. 
handled 
called 


from the branch exchange when she 


Calls from the public network are 


who disconnects the 


by the operator, 


subscriber 


plugs in and at the 


same time identifies 


as busy. 


him Operator 


intervention has been 


adopted mainly on a 
count otf the experi- 
mental character ol 


the equipment. 


5 CONSTRUCTION 


| he whole CXC hange 


is in three adjoining 


bavs, shown in the 


frontispiec e of this 


issue and in Figure 12 


The 


SIONS ol 


over-all dimen- 
the exc hange 
are: 6.5-feet (2-meters 


11.1-feet (3.4- 


wide, and 1.3 


high, 
meters 
0.4-metet 


feet deep 


| ach 


Cases and 


bay contains 6 
Cul h Case 
contains circuit) cards 
of approximately 7.9- 
bv-11.8-inch (20-by-30- 
centimeter) dimensions 
and 


plac ed vertically 


bearing the basic. cir- 
cuits (Figure 13). On 
these cards, the wiring 
is of the conventional 


type except on those 
mounting the gas tubes 
where the connections 


are printed circuits on 


13-—-Circuit cards 
ind method of mounting 


them in the cases.'{ 
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Figure 14 > cards are connected 


by cabling fixed on the bays, the con 


both sides 
nection be- 
tween the cards and this cabling being by plug-in 
connectors. Printed wiring technique has been 
used for all basic circuits required a large number 
several ters ‘ 


distributed 


of times; that ts, 


The circuits are 


and cases as follows: 


contains the circuits grouping the 


\) One bay 


subs¢ ribers’ lines: the line cir uits, the vas tubes 
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alinsiaie 
| 


BEA 


* a 


Figure 14—Gas-tube matrix on printed circuit cards 


of the concentration-expansion matrixes as well cycle, 3-phase power network 
as the first 


marker, the busv-line memory cases in the first and third bays 


they occupy two 
the line scanner. 


and 


2.6 OTHER DATA 
B The second 


bay includes all the 
circuits with 


junction 
their 


Some numerical data 


are 
mixing-matrix 


vas tubes, 
eo - Over-all loss from subset to s 
second and third markers, and tone generators 't 1000 


ibset 
cles per sec ond 


between 300 and 3000 cy 
(*) In the third bay are the main elements of 


0.5 decibe 
cle 5 per 
second 


2 decibels 
* ; - ‘ ; Crosstalk level 70 decibels 
the control circuit: the logic circuit (which 


Power consumption 
occupies a whole case 


] 


kilovolt LIN pe4r ¢ 


the call-status memory, — Traffic with loss prebability o! 
memory, and the clock. Two 1 percent 


. . . : . Number of diodes 
cases in this bay contain the circuits required for ee ee 


the busyv-junction 


j 
9 erlang 


7000 
5 s Number of transistors 
connection to the public network. 


1500 
Number of ferrite core 


1300 


7 ; : Not including the circuit 
The supplies draw their energy 


from a O0- network 


for c¢ ection to the public 
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2.7 EXPERIMENTATION 


The private automatic branch exchange de- 


scribed has recently been put into operation at 
the Laboratoire Central de Télécommunications. 
Its capacity was chosen to correspond to the 


present needs of that organization. It is suffi- 


ciently large to permit the collection of useful 
statistical data during operation. One of the 


groups of lines will not be connected to sub- 


scribers but will be devoted to experimentation 
on new presently under 


speech crosspoints 


development 


3. Conclusion 


done at the Laboratoire 


The 
Central de 


work already 


Pélécommunications demonstrates 
that it is now technically possible to realize small 
all-electronic branch exe hanges and even large 
offices. It is now known that the reliability of the 
former surpasses that of electromechanical de- 
vices, in particular when severe climatic or me- 
They are 


met. 


chanical conditions must be espe- 


cially promising in military applications. 
Where large elec tronic otfhices are concerned, 
mainly in civil applications, they must success- 
fully compete with the electromechanical ex- 
changes that have evolved over many’vears and 
have reached a very-high level of quality. 
Comparison between electronic and. electro- 
mechanical solutions must be made from various 
cost, 


cost, maintenance 


bulk and 


Their respective capability of offei 


such as: first 


flexibility, 


aspect ts 


reliability, and weight ol 


equipment 


ing additional subscriber services should also 


be considered 
\nother 


mission-path noise, in 


important point concerns — trans- 


particular in relation to 


the problem of data transmission. In that con- 


nection, there must also be considered what 


switching are best 


methods of adapted to 


modern transmission techniques such as pulse 
code modulation. 

There IS not a single approach to electron 
switching, but a variety of approaches, including 
semielectronic ones, that must be compared. 
This increases tremendously the complexity of 
the problem of large electronic exchanges, which 
solved without 


will not be much exploratory 


work, theoretical as well as experimental. It is 


hoped that the experience gained in designing 


» 
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fully electron 


240-line 


branch 


and operating this 


private automatic exchange will be a 


valuable contribution the solution of this 


problem 


Marking Process 


3. Appendix 


To understand certain precautions taken in 


the marking process, it may be helpful to give 
used. 


the major characteristics of the gas diode 


160 t 
Voltage applied for firi 


Corresponding firing tim 101 


Sustaining voltage 105 to 109 volts 


Voltage for extinction volts 


Corresponding extinction tim nicroseconds 


lhe direct-current supply of the tube is described 
that the 


by Figure 15 where it may be see1 


anode .1 is connected to ground through the 
line transformer and the cathode C is connected 
indirectly to two sources furnishing —113 and 
140 volts, respectively 

these two sources 


diode D,, 


in Figure 16 is plotted the curve of potential — | 


lo understand the roles ot 
and those of resistors ry and &, and ot 


it point B against current J arriving at this point 
With the 


two linear 


numerical data s this curve has 


segments JJ/P and PQ. For currents 


LINE 
TRANSFORMER 
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he 


B 
D 


ated 


iiperes, t voltage il 


nore posit 


Ive 113 volts 


and diode 
PQ low 
140-volt source in series 
or 10 


itive 


blocked Cheretore, segment 


Is 


currents below 


B IS more ney 


S 








0.18 10 | 


I= CURRENT THROUGH TUBE IN MILLIAMPERES 


) sources supply cur 
VP 
pproximately located on the load 


113 


has a much-smaller slop. 
| 


volt source in series with 


Ss 


there rem 
the 


5 volts 


uns a supply current 


ind 


the 


throug h SBS the 


1 

LOOP 
pS 1 Therefore, quies 
a voltage ] 


115 volts 


is submi 1 to 


tube is fir v a temporary voltage 


than the the 


voltage operat 
of | 
WPO curve 


lt 


ube 


the in 
ind 
11 


| | 
that wnen 


low te il 


tersection 
ol tube 
pd 
particular 
D 


the 


the 
volts ane milliamperes 


the t 


the 


noted 11 


diode 


S prov ded by 


onl 
140 volts 


introductio 


is bloc ked ind 


s+ 


SS source ol 


the 


idvantage in 


i 


circuit: by 


that iter 


ELECTRICAL 


consumption 


COMMUNICATION + 


extinction the voltage does not go more negative 


than 115 volts. There is thus a larger safety 


margin against spontaneous firing of tubes whose 


MY 


firing voltage might be abnormally low 


For firing, 


marking is introduced in parallel 


with the 


main supplies, care being taken 
bv diodes Do, Ds, D4, 
marker introduces 

ol 


the 


to 
and D 
$0 volts 


drops to 


prov ide dec oupling 
| he 


and 


line wire of the 


the junction wire the marker 


148 volts 


188 


Cheretore 


marking temporarily 


volts the tube 


ha 
iting the supplied current 
the marking, 
ae 
only 


pulse ’ 


1 
paces aCrOSs 


to 
140) 
the 


prime the 


firit throug high 


resistance kilohms 


\t 
the operating point of the tube 
16 the 


microamperes 


ly 


beginning 


iS Figure current 


In 


nna 


supplied being 


180 the course of the 


it moves toward the | point 





9 FLIP-FLOPS 
TENS 
Pa 








240 | 
LINES ¢ 


FINAL DECODING 


Lastly, 


des riptio 


! 
noted that the decoding 


to complete the n of the 


first marker, it should be 


of the line numbers is’ performed 


17. The 


trix 


several 
final stage, 


11) 
to | wure 


240 outlets, 


<iC¢ ording 


stave 
which 
diodes with series resistors 
be cde 


\ND gate of two diodes draws a low current only 


S 


has IS am 


COMPFIZING 


to reduce the « urrent 


It can monstrated that an 


when it performs the logical operation a 3¢ 4 1 
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But ai \ND vate consisting ol a diode and a i decoding matrix, only I outle Is marked 


resistor can be arranged to draw low current at a time. If the first type of AND gate is used, 


ll 3 other cases of logi multiplication In this outlet is the only one drawing low current, 


1 


whereas it is the only one drawing high current 


SI ° 
SUPPLY if the second type 1s used. With respect’ to 
8 KILOCYCLES E ‘ 
PER SECOND current consumption, this second type is there- 
fore much-more advantageous 
, The circuit of Figure 17 includes amplifiers 
OUTPU ; ; 
constructed according to Figure n &-kilo 
cvcle-per-second powel supply 
coupling transformer is place¢ 
transistor and the output. This has the 
Vantage ol providing direct-current isolation al 
enables fairly high output voltages to be 


tained with standard transistors 
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Radio Communication Usi 


By 


interest in| man-made earth 


NTENSIVI 


satellites long- 


and their application to 


ind radio com- 


Such 


world wide 
should be 
a means whereby still-available 
le 
for which they would not otherwise be 

Che ind 


systems emploving 


distance even 


munication not surprising. 


satellites prov ide 


irequencies Cali used for important services 


suited. 


need feasibility ol communication 


man-made earth = satellites 


Che 


modulation, 


ire considered first. radio parameters ol 


frequency, and type of 


satellite 


operating 
are analyzed. It is 


24-hour 
? 


) watts can rela\ 


from. the 


tha 


response 


1 
[ 


concluded a satellite circular 


orbit « arrving a transponder ol 


nels using pulse-code modulation 


96 voice ( hat 


i 2000-megacve le-per-sec ond carrier. On earth, 


1-kilowatt and 
1-decibel noise figures would be used with 60-foot 


Ol 


transmitters receivers having 


paraboloidal antennas 


18-meter) ] 


Why Satellites? 


ind evel 


artl 


the feasibility 


Skepti S May questio 
id oO 


question 


the need for 1 ‘peaters utilizing ¢ 


satellites. Let the of need be examine 


first 
Within 
\mert 


Europe, 


I States ol 


il 


al ada, 


continen 


( 


the 


1] 


parts ot and 1 western 


ad, t 
{ complex network of land lines and 


microwave links has been established 


\ccording 


States Department of Commerce, at the end of 


DY [ ted 


tec 


to figures released the nite 


mite! 


million telephone S were 


\nv o 


ted to more than 65 million 


1959 some 70 


ne of these 


CONN ted IN) the [ nited States 
phones c: 1 be 


telephones distributed throughout the remainder 


COnNe™* 


the world 


Ol 
to interconnect this large 
s limited to approximately 200 channels 
d 1956, 


j 


1 


the ecade or two prior Oo trans 


pre 


carried | 


oceanic voice Communication Wa 


( intly by high-frequency radio. circuits 


tomlin 


xowth in the number of circuits and traft« 


s 1945 to 1956 averaged about 


nee with cable 


ELECTRICAL 


However, the overseas trunk lines 


number of subscribers 


Ss 


systems 


ng Earth-Satellite Repeaters 


LOLIS POLLACh 


higher quality and greater reliability 


offering 
the expectation that transoceank 


10 


f improved service was available 


substantiate 


trathe would increase at least percent pel 


\ report 


vear 
of the hearings of the. Congressional ¢ ommittee 


on Science and Astronautics stated that present 
transatlantic cable « apacity will be exceeded by 
demands for service in 1962 and by 1965 planned 


cable capacity will be inadequate 


Certainly then, any new system that allows 


rapid expansion of toll-quality intercontinental 
caretul consideration 


communication deserves 


\ 


satellites offers such possibilitic Ss 


radio relay system using man-made earth 


» 


ommunication Problems 
( t Problem 


the communicatt 


What 


establishing 


~ 


a useful repeates 


c irth satellite 


1 RATING 


OOP) 


selection of an optimum transmission 


| he 


Irequen whether 


the satellite svstem 


\ 


cy Lor 


to the propagation 


per 


passive or active, Is limited 


I 
Se¢ ond 


‘window”’ between 100 megacycles 


il d 10 PIVAC VC les per second 
and 


Irequency 


\tmosphert man-made noise decreases 


bec OMINY re vheible 


( 


with increasin 


Ost NOMS 


100 megacycles per second 
160 dbw 


ibove 
decibels 


decreases trom a level of ke 


| 


to 1 watt per kilocycle-per-second band 
to 


reterre¢ 


mevgacvcles pel second less 


1000 


it 100 


width 


thar 180) dbw. ke it megacyvcles pel 


araday rotation 


| 


ot the p! ine ol pol irization and effects ot 


Other effects, such as 


SEC ond 
ul le al 


t 
i 


less As re 


explosions, bee ome progressively 


quens V mcreases becoming negligible above 1 Lo 


2 yIvACV( les pel SE ( ond 


\t the upper bound, oxygen and water-vapor 
0.01 


tbsorption increases with frequency from 


dof ey 
r¢ ri 


He f 
House 


tr 
d 99 
( 


’ 
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re] per kilometer at 10. gigacycles pel 


second to greater than 0.1 decibel per kilometer 
at 20 gigacvecles per sec ond. 


In the Passive Case, the path loss 1s vyiveln by 
P x d,3 

16 
5 A*n?D 


A imMntenna area 
D satellite diameter 


geometric mean of distance 


lite and terminal 


path loss 
rece ived powel 
transmitted power 


wavele neth 


ntenna ethcien 


Note that the transmitted power is a functiot 


1@ fourth power of distance and that the path 


Ul 


decreases with increasing trequency§ for 


d antenna and satellite size 


Grou! 
the ictive case, the satellite-antenna gain 


will be 


covered 


limited by the area of the ¢ irth to be 


tolerance of the attitude 
The beamwidth of the 


fixed for a 


ind the error 


stabilization system 


satellite intenna will be given orbit 


beamwidth at the 


kor this case of constant 


satellite and fixed antenna size on the earth, 


the path loss 1s independent ol trequency and 


Is given Dy 
P 
P 


irea of earth antenna 
distance trom earth to satellite 


constant 
beamwidth of satellite antenna 
that can be 


The quantity of information 


over a communication system ts 


bandwidth. 


transmitted 


propor tional to Equipment-design 


considerations dictate bandwidths in the range 


of 0.5 to 2 percent of carrier frequency. For 


communication systems that use a modulation 


scheme vielding a large improvement factor, 


bandwidths will range from 10 to 40 megacycles 


per second. The equipment-design constraint 


is satisfied at 2 to 4 gigacvycles per second. A 


further factor to be considered is that the size 
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ind weight of components particularly radio- 


frequency amplifiers and the antenna, decrease 
with increasing frequency 

Che selection of an operating frequency thet 
determining the highest 


becomes a matter of 


useful frequency between 1 and 10 gigacvcles 


per second based on equipment availability 


2.2 MODULATION SYSTEM 


The optimum type OL mo ulatio is defined 
is that vielding the greatest power efhiciency tor 
satellite 


that 


i iven signal-to noise ratio. Since the 


Ss 


limited, the modulation scheme 


power is 


the desired channel signal-to-noise 


10) dee ibels, with the 


will vield 


ratio, say least transmitted 


power is the preferred method. Therefore, a 


type of modulation is desirable that allows 


substantial improvement of the channel 


irrier-toO-! 


the « 


the expense ol bandwidth 


Ovel 


to-noise ratio 


] 


Since demodulation need 


} 


satellite, the type of modulatio Ca be changed 


at will at the earth station if the translator o1 


reflector is sufficiently broadban¢ Three prin 


ciple types of modulation have be considered. 


impli 


ippls SIL I 


\) Frequency-division n with 
ide-modulated subcarriers 
modulation to 


IK DM-SSB). 


sideband dio-frequen 


Carrel 


B) Frequency-division multiplex with ampli 


tude-modulated subcarriers that frequency modu 


KDM-FAM 


lated the radio-frequency carriet 


( Pulse-code modulation (time-division mul- 


tiplex) with the pulses frequency modulating 


the carrier. Several carriers can be frequency 


multiplexed to obtain larger number ot 


PCM-FM-FDM 


channels 


Che signal-to-noise ratio tor each 


by the following equations. 
\) Frequency division, 


10 log 
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‘an-square Carrier UU 


square noise ratio ot 12 decibels is 


threshold) of a= ftrequency-modulatior 


Below this value, the noise improven 


realized 


pulse code me thod, 


svstem 
i 6-bit 
iudio. frequency, 


el will by 0 











i 


bandwidth 
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the 3-decibel bandwidth of the over-all system 


) to obtain 


need equal only times the video rate 


i) ACC eptable interchannel rosstalk ratio. There 
fore, a bandwidth 


radio-frequency equal to 


twice the pulse rate will be used. 


Since the pulse information frequency modu 


lates the radio-frequency carrier, the frequency- 


modulation threshold) noted above must be 


exceeded addition, there is a pulse-code 


modulation threshold below which the noise 1m 


provement fails. This point is reached when the 


pulse signal voltage cannot be separated from 


oise With great certainty 


\ root-meat square video signal to root-mean 


square noise of 9 decibels is an acce ptable thresh 


ld value. It should be noted that the pulse 


threshold is lower than the 


code modul thio 
modulation threshold. 
Wher the 


decibels > 


requency 
pulse code-modulation threshold ot 


( hanne l SIV) 


the 


$10 decibels 


exceeded, 
h Vreate! than 
rier power then required for the pulse 

huencyv-modulation case, neglecting tor 
thresh 


the frequencyv-modulation 


demodulation referred to as svn 


T phase Loe ked demodulation will 


threshold by from 3 to 6 decibels 
analysis has been made on the basis of 1 
and trans 


handling 


els. The satellite recervet 


nce ¢ h tTi! 


mitter must, however, be capable of 


1 total number of channels 


Figure l plots the received carriet powel 


versus the channel signal-to-noise ratio for the 


three svstems. It shows graphically the advan 
we of the system of pulse-code and Irequenc \ 
modulations with frequency-division multiplex- 


PCM-FAM-FDM). In 


sideband frequency-division 


g the case of single 
multiplexing, 40 
decibels of signal-to-noise ratio is obtained with 
118 decibels reterred 


The Irequency -division 


carrier power of about 
to 1 


modulation 


Watt Irequency 


system with a peak modulation 


index A@ of 4 requires 9 decibels less power 
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and less than Q.1-percent service 


Note 


below which the signal-to-noise ratio deteriorates 


the introduction of a threshold level 
Che pulse-code svstem offers consider- 
reduction. The 
148 decibels reterred to 1 
] 


30-decibel improvement over the single-sideband 


rapidly 
ible 


here is 


power input level required 


watt or a 


svstem. 


By using phase-locked detection, the fre 


threshold carrier level is 


sideband ( 


level required for the 40-decibel signal- 


quency-modulation 


ictually lower than the singie irriel 


toO-NnOI1S¢ 


ratio 


3. Satellite Classifications 


Orbital radio relays can be 
broad groups depending on 
further 


4-hour 


passive or active repeaters. These 


( itegorized is lear-orbit ind -orbit 


satellites. 
I he 


the rot 


latter vehicle rotat I svnchronism 


ition ot the is placed 


equatorial plane »)? 300 


35 880 kilometers 


NOs¢ period 


| 
Near orbits are considered | 


to 3 hours or at an altitude of to 3000 


S00 to 4800 kilometers 


SATELLITES 


PASSIVI 


il paper by Pierce | Komptner 


1¢ 


‘parameters ot svstem have 


| i passive s t¢ 


been thoroughly analvzed hev have show1 


that transatlantic comm 


established most. efficiently umber 


satellites in a polar orbit at ai iltitude ot 3000 
miles (4800 kilometers 


The 


balloons, 


satellites, aluminized pla U1 spheri il 


would assume random positions 1 


their orbits. As the altitude of an orbit increases, 


to maintan 
Che 


ises with orbit 


the number of satellites needed 


decreases 


\ specified continuity Of service 
transmitter power required incre 
iltitude 


For the 3000-mile (4800-kilometer iltitude 


terruption, 
30 satellites will be required 


Figure 2 illustrated the required with 


powell 


t passive reflector. The curves are based on a 


J. R. Pierce and R 
ication by Means of 


380 


Kor ipt 


Satellites 


Marcel 


ne 47, pages 372 1959 
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ta deg 


‘Iver noise temperature ol 
temperature of 2 


the 


ind an antenna 


IXKelvin, which can be realized in 1-to- 


gigacycle-per-second frequency range. The re- 


ceiver noise figure is somewhat more pessimistic 


than that assumed by Pierce and is realizable 


it the present state ol the art. 








ratio is based on wide 


noise 


modulation techniques, as shown the 


previous hgure 


balloon, 


megacycles per second, and an antenna of 120 


100-toot 30-meter 2000 


[ sing a 


130 


oot (37-meter) diameter on earth, a power of 


Watts per kilocvecle pe second of radio- 


ELECTRICAL 
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frequency bandwidth is necessary. By using a 


broadband modulation system, such as pulse 


code modulation, an information bandwidth 


of 4 megacycles per second can be transmitted 
with a radio-frequency bandwidth of 24 mega- 
cvcles pel second vielding a signal to-noise ratio 
than 40 decibels. Such 


irth 


ot better a system would 


require an increase Ol e transmitter powel 


of 34 decibels or to approximately 3 megawatts, 


level at this time Raising the 


4 times to 8000 megacveles 


in impractical 
Operating Irequency 


per second will decrease the transmitter power 


16 times if the antenna efficiency can be main 


tained and atmospheri absorptioi Is nevle ted 


Passive svstems, then, are characterized by a 


large number ot. satellites, large anten 


earth, and high transmitter power to 


relatively small area of the earth. 


system may have nportant 


Phe passive 


rote transoceanic Communication 


literim 


during the development of rehable electroni 


systems and high-powered rocket boosters that 
will be required to launch active satellites 

vear, the National Aeronautics and Space 
will launch a 100-foot (30 
Il be 


This 
\dmiu 


iluminized balloon. 


istration metel 


The balloon wi inflated 
bv the Vapol released by ismall amount of asub 


Phe balloor 


0.013-millimetet 


lin ting solid in the 


balloon is made 


l 


i 0.0005-inch 


thickness 


lar. The sphere will orbit 50-degres 


1300 to 


will 


ibor l 


an altitude of SOO to 1000 miles 
voice channel 
Pelephone | 
ind Jet Propul 
Califorma. TT 


modu 


single 
Bell 


Jersey 


1600 kilometers \ 
be ittempted between 

il Llolmdel, New 
it Goldstone, 


SION | 


Laboratories has furnished t 


ibor itories 


he freat 
I req 


lated transmitter to Bell 


Hlolmdel terminal 


lelephone | bor itories 


for the 


3.2 ACTIVE SATELLITES 


i more-sophisti ited satellite reflector 


\ large i 


would reduce the required power on earth, but 


a controlled propulsion mechanism tor main 


taining optimum position and attitude would 


be needed It Wwe resort to such complication 


In a space cralt, it is only a simple idditional 


step to incorporate a transponder 


ind) thus 


evolve an active repeater. 
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Je 


1 Near-Orbit Active Satellites 


satellites in near orbits are under 


Active 
development for the military. For their purposes, 
in addition to world-wide high-speed capability, 
must provide con- 


communication — facilities 


tinuity of service under conditions of jamming 


and interference. 


The Advanced 


through the Signal Corps is sponsoring a delayed 


Research Project Agency 


Teleprinter signals previously stored on mag- 


netic tape are transmitted to the satellite at 


high speed. The satellite stores the message. 
When 


station, it 


the satellite is in view ot the addressed 


will retransmit the message to the 


ground receiver at high speed when commanded 
to do so by a coded signal. During reception from 


the satellite of stored messages, the earth 


station can also transmit traffic for other sta- 

















| 
CHRISTMAS || | 











ay 





eal 





of-sight coverage at 


communication project Courier.’ 


IPT will supply the earth-based systems for the 


repeater in 


( ourler project 
Under the Courier concept, a satellite in a 


600-to-700-mile (965-to-1126-kilometer) orbit will 


be activated as it comes into the view of a ground 


station that has traffic for another ground 


station 


‘Committee on Scien ind \strononautics, Report 


4, page 15; 1959 
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AND LONGITUDE 


is for 3 satellites on 


tions to the satellite on a different frequency. 


By 


transmitting at a high information rate 


during the 4 to 5 minutes in which the satellite 


is reliably in view of the earth station, it is 


possible to transmit the trathe of 20 teleprinter 
the 1 


iV at ate ol 


channels operating continuous 
100 words per minute 

kor an active operating time of 3 minutes 
when the satellite is within range of the earth sta- 


tion on each orbit, the traffic handling capacity 
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| } 15 000 000 © bits. 


would 
the Capacity Of ear h satellite 
recorder. This corresponds 
to 428 000 words per satellite 


600 


per station. For a 


pass 
ule (965-kilometer) altitude 


nd a 110-minute. orbiting 


ie, there would be 7 useful 
orbits | a’ il i eround 


latitude of 


2 996 000 


Puerto Rico Or 


handled per day by 


ords 
uch an earth station 


Near-orbit ac 
1 be 


tive satellites 


real-time 


used 


system and as in the pas 


number 
ible 


must be 


ive. Case. al Laree 
of satellites and. steer: 


Ground ante 


ised for almost continuous 


COVerTAaALe 


PrABLI 


POWER REQUIREMENTS 


ELECTRICAL 


FOR D 


II 
I 


COMMUNICATION 


Volume 


36 


Number 


1960 





attitude-controlled near- 


The 


orbit 


altitude of an 


satellite will limit the satellite antenna 


Path 


Coverage On 


loss, of the satellite 


beamwidth vain 


antenna, and the earth decrease 


Therefore, in moving the satellite 


4800-kilometer ) 


iltitude. 


3000-mile 


with 


from a orbit to a 


svnchronous orbit at 22 300 miles 35 880 


kilometers) and using an antenna beam tangent 


to the surface of the earth, only 5 decibels more 


power 1s required 


24-Hour-Orbit Active Satell 


Three satellites in an equatorial orbit at 22 300 


miles (35 880 kilometers) can cover about 98 


percent of the surface of the earth as shown in 


> 


Figure 3. For a world-wide communication 


system, this would appear very attractive. The 
most severe limitations are the powel output ol 
the satellite transmitter and its life. 

\t the synchronous-orbit altitude, the satellite 
antenna beamwidth for hemispherical coverage 
\llowing a margin for 


is 18 degrees, see Figure 4. 


position error Ot t } degrees, «lt 25-devree beam- 


a gain of 16 decibels 


With 


width can be used vielding 


megacvecles pet second 60-loot 


it 2000 


[stag LIZATION CONTROL SYSTEM 


18.3-metet paraboloidal reflectors on the earth 


and al receiver noise heure ol 1 dee ibel, a satellite 


) handle 96 


rated at 2 watts will 


Fable 1 


Note the large difference in peak power 


transmitter 
voice channels, as shown in 
out 


put among the various modulation systems 


previously compared. The péak power demand 


can be troublesome in the active-satellite trans- 


mitter, particularly if a klystron or traveling- 


wave tube is used in the output stag 


| 


Figure 5 shows a possible configuration of the 


communication transponder in the satellite 


Figure 0 on page 1S& shows he circuit 


‘ment for use in an earth stat in the 


system 


t. Conclusions 


The factors affecting the des v Commun! 


cation system using satellite repeaters have been 


briefly touched on, and a possible conhguration 


itive has been examined \t 


ol an repeater 


active system to handle as ma is 1000 voice 


channels Can be impleme! ted two vears. 


These satellites can compete economically 


technically with other reliable 


submarine cables. 
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Use of “Stantec Zebra” to Caleulate a Traffic Table for a 
Three-Link Time-Division-Multiplex Telephone Exchange 


[Ek de scription of the time-division 


using iumplitude-modulated 


principle 
bidirectional gate 1s fol- 
lowed by a comparison OL a 2-link and 


10 000-line 


pulses and a 
a 3-link 


svstem. For large exchanges there 


is a worthwhile saving in switches if the 3-link 


idopted It is shown that the need to 


system is 
tlign time channels is a source of blocking, which 


turns out to be greater for a 3-link than for a 


-link exchange; vet a typical circuit of a typical 


ik exchange « carry about 80 per cent of the 


its 2-link counterpart tor a 1 per-cent 


ite. The use of a few overflow links in 
exchange 1s expected to make the 
tratfic-handling capacity ol the alternative sys- 


tems roughly equal for a slight additional cost 


Two formulae for blocking probability were 


Zebra” 


Phe first covers the general 


programmed tor a “‘Stantec computer 


using its Simple Code 


of unequal traffic on all 3 links and was 


Case 
solved in about 7 hours ot compute! time for a 
particular value of the number of available chan- 


nels; the see ond, which is restricted to the case of 


equal trathe on 2 of the 3 highways, involves 


much less work per channel number and w 


solved in about 100 hours for a 
of the number of available channels. 
Zebra Simple Code 


mal ¢ ode, is well adapt <l to this problem because 


although slower than Nor 


it can handle in floating-decimal form numbers 
that vary vreatly in size and because of its flexi- 
ble counting and address-modification facilities. 

Checking was done by using the two formulae 
to calculate the same result for a number of spot 
values, and this gave agreement to 7 or 8 decimal 


figures with 9-figure working; permuting the 


traffic values in the case of the general formula 


gave a similar agreement. The smoothness of the 


results from the second formula was tested to 


about 2 or 3 decimal figures by means of a Nor- 
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Intz 


mal-Code program. The behaviour 


tion is shown in graphs because 


| irge to reproduc e 


Introduction 


1 


electronu telephone excnal 


Fully 


feasible as a result of the developme: t 


reliable switching elements, such as transistors, 


ind of new stot ive tec hnique S Origil uly intended 
fo! computers 


The flexibility of 


these new iiques often 


leads to new configurations of switching network 
and control for which the traffic-handling capac- 


itv is not known, although analogues may exist 


in older systems. Astudy was ma 


trathe problem posed by either 
tem or the itnalogous 3-link array 
network. 


It should be remarked at this poi 


study is confined to the case of random 


pendent traffic offered to each of the 


practice the traffic offered to 


completely independent, and o the results 


for the blocking probability are approximate and 


1 


ire alwavs larger han in reality ne ¢ verload 


behaviour is, as usual, unpredictable 


2. Time Channels and Highways 


Wire Can carry many simultaneous 


\ single 
conversations if it can be switched rapidly enough 


among the circuits concerned; such a wire 1s 


referred to here as a “highway,”’ and the con- 


versations that are transmitted over it are said 


“time channels”? on the highway. In 


time channel is the 


to oO¢ cCupy 


other words, a time during 


which the wire is transmitting a particular 


conversation. 


In a telephone exchange working on this 


principle, there is a great saving of switches, since 
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itch handles many conversations instead 


VModulator-—Demodulator (Modem 


Circuit 
the input the speech signals must be con 
information and eventually 
The tratt 


valid whatever 


verted into pulse 


reconverted at the output results 


given in this article are form ol 


pulse coding is emploved; in this case amplitud 


I 
modulation 


The subscriber's line comes to a circuit that 


converts the speech signals into amplitude 


a wire called “a group high 
This wire handles all the 


v, 100 to 150 subscribers \ 


., 
modulated pulses o1 


} 
\ md 


Wal\ 


trathe to 
irom a vroup ol, sx 


conversation between two subscribers in the same 


group 1s speci | case 


\t first sight the employment of time sharing 


ne speecn 


path would seem to introduce 


| 
because ONIN 


This 
be avoided by using a filter network 
This 


iccumulated on a 


considerable transmMlssiol loss 


samples of speech are transmitted loss, 


} 


nowever,r, ¢ 


} 


in the subscriber’s line circuit network 


causes the spee h energ 


} 
t 


Capacitor in the interval between connections so 


that the total loss is reduced to an accept ible 


ol the network otf swit« hing ele- 
this exchange is to permit an interchange 
or speer h-modulated ¢ harge between the 2 « apaci- 


the 


) 


tors individually associated with each of 


subscribers conversation. This is achieved by 


ncluding in the switched path 2 inductors that, 

together with the 2 capacitors, form a tuned cit 

cult The charges on the Capacitors will com- 

pletely intercha ge il the network connection is 

made for exactly half the natural period ot oscil 
tuned circuit 


h 


1 practice there is a slight loss that may reach 


+ to 5 decibels when an exchange using 4 switches 
series 


is considered 


Vumber of Channels per Highway 


lo transmit the speech waveform at frequen- 


c1es up to 4 kiloc V¢ les per Set ond, the subs« ribet "Ss 


line is examined at a 10-kilov vcle-per-se ond rate, 


‘Efhicien 
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The 


more time channels that can be accommodated in 


100-microsecond interval. 


that is, once per 


an interval of 100 microseconds the better, so fat 
\ limit 


is set by the trequency-response characteristics 


as traffic-handling capacity is concerned. 


and power-handling capacity of the transistor in 
the modem circuit 
number ot 


Since the traffic table includes the 


channels per highway as one ot the variables, it 


can be used to determine the optimum number 


of channels when other factors are know 


5. 2-Link and 3-Link Systems 


\lthough 


wires, in the case ol groups ot 100, quite 


a highway replaces 100 subscribers’ 


a large 
cross-connector is required if any one highway ts 


to be capable of be nye switk hed to any other high 
10 000-line exchange, 


100 highwavs, and therefore to interconnect these 


Way Wa there would bye 
number of crosspoints 

1950 Phi 
OX’ 4 4 } + l 


availability, the 
100) x 


with full 


required is 3 99 s number 
is the sum of the series 99 

Such an arrangement is a 2-link system, and, 
n links, has a 


his 


despite the full availability betwee 


umount of internal blo« king 


hact 


certain 


caused by the that there may be 


channel simultaneously free on 


outgoing highways 


produced ( 


The amount of the blocking 


appre iated from the fact that, for a 


service of 0-01, the traffic-handling capacity of a 


) 


25-channel highw iv alone is 16 erl ings and ot 


such highwavs 1n series is 12-5 erlangs 


Ina 3-link system the group highways are col 


10, 


introduced to carry 


lected into bundles ot, say, ind a new sort ot 


ittic be 
called 


SLIDCT 
\} 


highw iV ois the Ur 


tween “‘supergroups,’’ as the bundles are 
3\ of example, there might be 10 


10 000-ling 


Wa\ 
groups to be interconnected in a 


ext hange and, for full availability among them, 


the number of “link highwavs’’ would have to be 


5 


link 


in addition, an 
the 


his is the number of “‘intersupergroup 


highwavs’’, but there must be, 


link 


highways in each supergroup, or 10 more in all 


other highway to interconnect yroup 


Figure 1 shows a simplified diagram of this 


S¢ heme 


Chere is a saving of interhighway switches here¢ 
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2-link Ignoring the 
1eeded for tone signalling 
the 2-link 


each of 


compared with the case. 
(more 
must be 20 
links and 10 


switches for each of the last 10 links. This makes 


switches are 


case there 


first 45 


needed in 


switches for the 


1000 crosspoints as compared with 4950 for the 


2-link case 
The price paid for this economy is the reduc- 


tion in the traffic-handling capacity of a group 


highway, and, as usual, a less-desirable overload 


performance For a grade of service of 0-01, the 


capacity of a highway in the 2-link system is 12-5 


erlangs and in a 3-link svstem, 10 erlangs. 


possibl to provide extra links capable ol 


tis 


serving all group highways to handle. tratfi 


peaks. By providil vy one or two such overtlow 
links, at the moder ite expense Ol 100 crosspoints 


pel additional link, the bloc king could prac tically 
be reduced to the figure valid for 2-link systems, 


and 12:5 erlangs could be handled. These over 


flow links could be restricted to serving only the 


busiest groups, if it is desired to economize to the 


utmost on crosspoints 


6. Time-Channel Alignment 


In general a conversation through 3 


passes 
highwavs in series, the incoming, the link, and 


the outgoing highwavs. When no speet h storage 
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is provided, the conversation must occupy the 


same time channel on each highway. There may 


be time ( hannels available on one or two ol the 
highways without a corresponding time channel 
being available on the third highway, thus caus- 
ing blocking, and reducing the traffic-handling 
capacity. 

It may happen that a calling subscriber is given 
a certain channel number while he dials, et cetera, 


nsuitable for 


Che 


which may later turn out to be 


completing the path to the « 
then 


control circuit attempts 


versation to a channel free on 


process called ‘‘time-channel 
7. Blocking Probability for Unequal 
Traffic on 3 Links 


In a 


Boss« he al d 


publicatior by 


recent 
R. G. 


have been given for the overall probability of 


Knight, formulae and tables 


‘2 


; sae, asics 
loss due to congestion in a “*3-link 


What is 


really isa 


LB, 


662 F204 a ” ‘ 
3-link I \ 11) { t papel 


termed 
network compris! 
intercon! 


and (¢ that are 


switch 
the B 
ith each B 


nectable 


provide between any -! switch and any ( 


is Many paths as there are 


Star iSSOK 


e, one such path being 
switch and comprising two 
links « xtending between the 
between the B and C stages respec 
There is here a 

time-division-multiplex systen 
groups correspond to the highw 
B switches corresponds 


Phe A and Csw 


bv the modem circuits in 


ber of 
time ¢ h unnels 


the t 


plex system 


Congestion such ¢ Vs ( be defi is I 
probability that for from a 


| switch to a given oO two inter- 
{Band Be 
{1B and BC links may still remain 


{B link and a tree Bi 


viIvell 


connectable links Itaneously 


free. As some 


free, no pair of a free link 


being however associated ith the same B 


the congestion SO 


switch, comprises a 
certain amount of internal blocking 


In computing this probability it has been as- 


sumed that in a group of paths extending between 
2 NI. Van den Bossche and R. ¢ 

Blo« kt 1Z i Three 
nt 2 Internati | 
July 7-11, 1958 


le Ws ind 
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i given pair of 4 and C switches, both the group | 


VW | 


of 4B links and the group of BC links are offered nf 


I 
traffic from independent sources. y! 
Assuming an Erlang distribution on both 


groups, the trattic offered to these groups being If at the same time J’ arbitrary links are busy 


! and B erlangs respectively, the blocking prob in the BC group, the probability of this combina- 


ability has been evaluated to tion Is 


P 


Supposing that out of these I’ links in the Bé 
group, V are not interconnectable with the x links 
n the .1B group, whereas the remaining | v 

ire connectable with some or all of these a 


links, the probability reduces to 


lhe object the present paper concerns the 


extended case of an array comprising 4, that is a 


,a last, and two intermediate stages, .1, B, ( 
and D, and having equal numbers of switches 11 


both intermediate stages, in which the 4 switch 


st. es are 1mte connected so as to provide, 1 cllh\ number 


li’ in 


between any -! switch and any D switch as many 
nd betwee! ud \ inclusive thre last CXPFession Is 


into account all possible values o 
paths as there are switches in each of the Ba 
C stages, each path being associated with a differ summed as tollows 
ent switch in the B stage and in the C stage and 


tween the A and B, B and C, C and D stages / M)>S P 


COMIprisins 3 interconnec table links extending be 


re spec tively 


The definition of congestion as well as the as 


1 1 
lit 


sumptions made with respect to the trathi dis Th 5 there lore represt I ts the probabil { 
tribution are the same as in the previous case, whitrarv AB links being bus : links non 
except that these are to be understood as refer interconnectable with these x.! nks plus 


ring to 3, instead of 2, interconnectable links inv number between 0 and x links interconnect 


x 


his case corresponds to the 3-highway_ time tble with these x (AB links. are busv in the B¢ 


division-mult plex system envisaged vroup. Phis means that of the .1/ vaiths provided 
Let \/ be number of paths thus exte1 Ing between the given .f and D switches, onl 
between a gi l ! and D switches. l \/ v + vy) could still be used 


sidering sé paral 1\ the links partaking 11) Bloc king will therefore occur, 1 the links cor 


Wf paths, these comprise a group of .1B links, respondit gy with the z remaining paths are bus' 
group of BC links, and a group of CD links, each — in the CD link group, and besides any number 


group containing Vf links. Let the trathec offered between O and x + y inclusive of links corre 


to these groups from independent sources be — sponding with the (x + y) paths already previ 
i. Bane i erlangs respectively ously excluded 


> 


lo derive the overall blocking P, the loss prob- 


j Phe probability Ol 


ibility p(x) due to x links being busy in the .1B 
link group will first be calculated. The overall 
blocking is then obtained as the sum of terms 


p(x) in which x assumes successively all integral 


ill 


values between O and JV inclusive 


Phe probability of x arbitrary links being bus 


in the .{B group is given by combined probability 
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thus expresses the state of blocking in which x 
the .1B link group, a fur- 
ther number of y paths are excluded in the BC 


paths are excluded in 


link group, the remaining paths being busied in 
the CD link group, including any possible com- 
double and 


bination ot triple engagement ol 


paths 


/ 


lo obtain the probability D(x) for the state of 


excluded in the 
remaining JJ — wx 


in the BC 


which x paths are 


the 


blocking, in 
1B link 


being busied in any Way 


paths 
or CD 


y, be tween 


group, 


and 


groups, is obtained by summing for 


y Q and 


nted overall blow king i 


Phe last summation in this expression 


( irried out is follows 


in which 


By inserting this result in the above expression 


and carrying out some further transformation 


the following expression may finally be obtained 
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1960 Number 3. ¢> ELECTRICAL 


where 


Note that Ey , Vl ~ 


When considering the method in deriving 


yced 
ised 


this result, it will be readily understood that there 


is no particular reason why this procedure should 


] 


this particular other 


order: 


be applied in 
words one could, for example, start with the as- 


sumption that x links are engaged in the BC 


group and that a further quantity of y paths are 


excluded by busy links in the CD group. There 


n this case 


fol- 


would be no reason to assume that 


result would be different. It 


the 


the numerical 
that 


lows, then, value of expression (8) is 


mvariant tor permutation of the trathe values, 
i Band 4 \lso, for any ittic 
1, B, or C becoming zero, 


same results 


values 


give the 


as the formula given in the intro- 


duction for the ‘3-link art 
8. Equal Traffic on 2 of 3 Highways 


\ formula has been derived | 


and P. W. Ward? that 


where the traffic on 
lhe 


computation, since only 


formula is five or 


two three 
summations are required. With some transforma- 


tions it be« omes 


where B is the traffic on 2 
is the trattic on the third highway 
Harris and P. \W 


Multiplex Electro 
Veletrathe Con 


i Kd 
Division 
nternational 
1958. 
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9. Computation Using Zebra 


9.1. PROGRAMMING FEATURES 


Zebra Simple Code was used because numbers 
are handled in floating-decimal form that elimin- 
ates the possibility of their exceeding the capac- 
itv of the computer in this problem. Simple Cod: 
has certain built-in counting facilities that are 


handle 


processes such as occur in any multiple-summa- 


well adapted to “cycles-within-cvcles”’ 


tion problem. 
the 


testing programs Was 


The time spent in 
considerably reduced by using the Simple-( ode 
checking and ‘“‘post-mortem”’ facilities. It should 
be remarked that, with all interpreted codes, 
program fault is harder to diagnose by iInspectiol 
ot the displaved contents of selected registers 
than is a fault occurring when the Normal Code 
is used. 


of the machine 


Che storage Capacity Ol the machine was ade- 


quate to iccomod ite s ‘veral 111 te rmediate tables, 


which saved time by making it unnecessary to 
calculate certain functions re pr atedly. 

all the numbers to be summed are posi- 
and (10 


caused by 


since 


tive in both (8 there is no pitfall, such 


as loss of accuracy, cal ulating with 


the difference of two nearly equal numbers. 


Was ¢ he ked by 


The accuracy comparing the 


results ot the two formul ie, W hic h showed agree- 


ment to 7 or § significan ures. There was also 
values cal 


Bell Vel 
Xt twerp. 


agreement to 3 figures with some 
ic by \ 


phone Manufacturing Company, 


Checking by 


culated by hat lermote of the 
differencing Is not possible he 
cause the function changes so much in the tabu 
lar interval, but the results do form a smooth set 


of curves on logarithmic graph paper. This sug 


vested that individual w rong entries 1n the table 
forming the difference be- 


would be detec ted by 


tween an entry ind the square root ol the produ t 


ol adjacent entries, which should be nearly zero 


for correct entries 


AA,B 
xX P(M,A 


for the double-summation formula 

\ program was written in Normal Code to read 
the paper tape of previously calculated results 
and to punch an output tape of the differences 


mentioned above. Normal Code is more suitable 


ELECTRICAL 
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than Simple Code for this purpose, which is es- 
sentially data processing, since it is more flexible. 
This checktrevealed that, to the accuracy of the 
approximatton mentioned above (2 or 3 decimal 
figures), thare were no errors. 


No 


undetec ted. 


parit failures were allowed to pass 


9.2 3 INDEPENDENT TRAFFIC PARAMETERS -1, B, 


AND (¢ 


Examination of (8) reveals that if an arbitrary 


( hange is made to .1, B, or C the most computa 
tion is necessary for a change in B, and the least 


for a change in -1. Therefore it was arranged that 
Band C 


times during the working. 


should change a minimum number of 


Number 3 * 1960 
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Po avoid repeatedly calculating values of 


"1 
( ) whenever needed, a complete table was 
y 


worked out and stored as a preliminary to the 


main calculation. A table of roughly equal size 
was then calculated and stored, each entry of 
which was the result of performing the third 
summation on a function of B only. A third table 
performing the second 


B and ( 


was next produced by 


summation resulting in a function of 


r probability fas 


imber ot cha fi 


only. Finally, for every value of 


{, the first sum- 
mation produced the required answer. 


Values ot blo« king probability were required 
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for all integral values of -1, B, and C between 6 
and 15 inclusive. The number of independent 
1000 but 


220, since the problem is symmetrical in 


function values in this interval is not 
only 
the three variables, although the function is not. 
lo generate only these values the variables can 


be set to satisfy the following inequ ilities 


However, it was considerec 


( lude 


check by repeating 


worthwhile to i a running 
function 
bys 


value formed nterchanging 


l and ( If the ibove in- 


the first 

ich block 
should be 
second or third 
blo k, 


preceding 


depending on whether the lat 
ter is the first block for 
value 

Ihe 
about 7 
roughly 2 


t 


metical operations were done 


shows the behaviour 


Figure 2 
of the tune on restricted to 


the case 


HIGHWAY 


Che double ummation equa- 


tion 10 coded to 


pro- 
duce at lea the following 


table 


10 tor 10 
of 1 


QS, 


and tor -1 and t intervals of 
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10-' for 26 < M < 50 at intervals Figure 3 shows the behaviour of the function 
of 1 and for -4 and B at intervals ot at intervals of 5 in VJ tor -1 B ( 
1 It has been shown by Adelaar that there is a 


\{ter some preliminary calculations to deter- 6-fold-summation formula that should vield 


the same result: 


oh es oe) oe 


inge of values .1 and B should take fo1 
J to produce blow king probabilities 1! 
the desired range, the program was arranged to 
pie k values for J t ; B ly I . B; , and 
VJ from a built-in table, and to advance auto- 


matically to the next channel number after com 


pleting the work for the current one. To break 


nto this sequence at an arbitrary point it was Phis formula would have occupied Zebra d 


l 


uranged that the data tape should specify 3/7, and night for 4000 years, but a single value for 


1. i¢iale Dinitials OA, AB, Ar Bs , and a num VJ 6 and A B ( 1 required only halt 


ber ll dicati lv where to jump into the sequence il hour compared with 20 to 30 seconds USINE 


‘nd of the sequence was indicated by a the double-summation formula. The 


reement 


value for 1/7, equal to zero, in the built-1 is to one unit in the 9th significant figure 


I ible 


The time required was about 100 hours, of 10, Acknowledgements 
which about 60 hours formed a continuous rut 


' 14 The authors express thei 
Had the same table been produced by the triple 

; conside eal eo 
summation formula about 600 hours of compute: SU 


tion processing CGUiVISsIO! ( 


time would have been necessary \bout 3 or 4 iInformati 


million useful arithmetical operations were done lelephor es and Cables and to Mh 


which would be the equivalent of, sav, 5 vear lonna ot Standard Velecommunicat 


work for 1 person using i. desk machine 
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Use of Statistical Moments for Specifying Noise in 


Long-Distance Telephone Circuits * 


By B. 


and C 


eprones 


HERE 


national 


Was presented at the first Inter 
Feletrattic ( 


on probability 


brie 


OnYress a 


paper theory in tele- 


phone transmission with special reference to 


noise specifi ations. The present paper treats the 


Same problem Llow should the tolerable hose 


power on a telephone circuit be expressed? The 


objec t is to make the sper ification simple, but at 


the same time to formulate it in a wav that does 


hot place inv unnecessary restrictions on noise 


of any particular time distribution. An important 


requirement is that it should be realistic and in 


1 


practice this means that verv-intense noise must 


bn accepted, but it must not occur too often o1 


last too lor 


he 


It has bee propos dl to Spec ily the permissible 


umount of noise not by a distribution curve, but 


instead by its moments 


The first moment or the time mean of the 


howe power Was ilreae \ used Wn the papel cited. 


The second moment with respect to zero noise 


power is the time mean of the squared noise 


power: the third, the mean of the cubed noise 


I 


powe! It has already been agreed*® to specily tor 


a hypothetical 2500-kilometre (1550-mile)  cir- 


cuit that the hourly mean noise measured in a 


certain manner must not exceed 50 decibels 


relative to 1 milliwatt 


The purpose ol the present paper Is to consider 


the effect of specifving the permissible noise by 


its first three hourly moments. The main interest 


ted before the International Veletrafhie Cor 
Hague, Netherlands; July, 1958 

obsen “Probability Theory in 

Teleteknik, imber 1 

ilso Electrical Communic n, volume 35, nun 

es 266-268; 1959 

Jacobsen, ‘‘ Thermal Noise i 

oceedings of the Institution « Electrica 

volume 105, pages 139-150; March 


lume 36 


le le phone 


volume 1,1 pages 83 


cal Communication, \ number 1 


pages 42-59; 1959 
Comité Consultatif International Radio 


201, Warsaw, Poland; 1956 


Recommenda 


tion 
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B. JACOBSEN 


Limited; London, En 


hand 


is in the degree of control the moments have on 
the highest noise values. 

It must be remembered that the noise in actual 
circuits is hable to fluctuate greatly, the ratio 
between the highest and lowest values exceeding 
100 (20 decibels) even when the parametet 
being considered is the mean power over, say, a 
quarter-second interval, and that therefore the 
higher moments are likely to be large. 

In what follows, all moments will be calculated 
or measured) in terms of a unit equal to the rec- 
— 50 decibels 


If the 


noise power is constant at unit value throughout 


ommended maximum mean power 


relative to one milliwatt or 10~° milliwatt 


the hour, ail moments about zero will then be 


unity. 


{dvantages of Expressing Requirements 


in Terms of Moments 


first moment) and the root- 


The 


meah-square 


mean (or 
mean of a 


fields. 


from. the 


deviation 


fluctuating quantity are used in many 


moment about zero is very-closely 


The second 
related to these two quantities 
There are several advantages using moment 


specification rather than distribution specifica- 


tron tor noise 


One important advantage is that the moments 


could, in practice, be measured directly and ex- 


rressed very simply. The moment specification 
| | 


also aces a_ less-specialized requirement on 
I I | 


permitted noise. It is believed that noise mo- 


ments are capable of measuring correctly the 


interference value of noise. A particular advant- 
that it 


2500- 


age of a noise ,moment specification is 


permits easy subdivision of the overall 


kilometre (1550-mile) circuit specification into 


specifications for shorter circuits (partial cir- 


also eas\ to 


long circuit from the 


cuits). Conversely, it is compute 


expec ted performance for a 
reuits in 


known performance Ol parti il « terms 


Of noise power moments. 
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here is a still-further advantage; when mo- 
ments are specified, it is possible to permit hourly 
moments to be ‘“‘distributed’’; that is, slightly 
higher moments could be allowed to occur during 
1 very-few hours in a long period. This permits 
the spec ification to be made tolerant in one fur- 
ther respect, not only can a high noise be tolet 
ited for a very-small part of most hours (limited 
by the noise moments) but by allowing the mo- 
ments to be distributed, it is possible to permit 
higher noise to occur for rather more time pet 
hour during a few hours of a long period. 

The distributed moments do not necessarily 
mean more license ; on the contrary, they make it 
tighter requirements for the 


this 


possible to speci 
performance during the majority of hours 
will determine the quality of service for most ot 
the time. For a few hours, however, the perform- 
ance may be allowed to be rather poorer and this 
is preferable to having a single specification clause 
that would have to allow the poorel pertormant e 
for any hour. 

\n alternative 


to specify the performance not per hour, but for 


might be considered: namely, 


i mud h-longer period one month, for instance 


This type of spe ification would cover many re 
quirements of the situation, but would tail in one 


the overall 


respect; subdivision of 


monthh 


possible because cvcl« 


That is, 


objective would not be 


noise Variation 1s likely to be present. 


between the noise effects 


| he 


there will be correlation 
occurring in the individual partial circuits. 
of evclic effects is discussed’ elsewhere 


the 


questiol 


\ further 


period is that it permits very-little control over 


serious objection to extended 


the performance of the worst hoursin the monthly 


1 


period. This | the Comité 


iS been recognized by 
Consultatif International Radio who have set 


ANY hour 


limit to the mean noise power for 


In what follows, it will therefore be assumed 
that the moment specification is for periods of an 


hour 


Comparison Between Noise Moment 


Specifications and Noise Distribution 


Noise distribution curves are much-more fa- 
miliar than noise moment and, before it is possible 
to give a specification in terms of noise moments, 


it will be necessary to consider what distribution 


Foot 
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curves will be permitted by a particular noise 
moment specification. It will be assumed in an 
example that the noise moments have been speci 


fied with the following values: 


Ist moment less than 1, 
2nd moment less than 


3rd moment less than 10 


Lhe problem ol finding possible distributions 


will be attacked first by a very-simple approach 


estimate ol 
last It 


two values. One, 


Vil I wcecurate 


ali the time it could 
Howse Call ASSUTTNK 
other a lowet One QO. thre 


Phe higher 


interest. For a 


i. short time and the 


remainder of the time ot these two 


noise values is the one of viven 


moment value, it is now possible to draw the en 


velope curve of all distributions of the type unde 


discussion that have the specified moment value 
| here Ww il] be one sue h envelope curve lor ea h ol 


the three moments. To simplify this problem, 


each moment will be considered independently. 


3.1 Locus or Two -VaLukE DISTRIBUTIONS 


HavING Unity First MOMENT 


value .! and the 


Let 


higher 


us call the lower powel! 


value B and assume that B occurs for a 


Volume 36 Number 3 © 1960 





fraction p of the hour; .1 therefore for a fraction 


l= 


I 


The first moment will be: 


Wi, —p)+ Bp (1) 


It is required to express B as a function of p. 
This is the required locus curve determined by 
the first moment. No distribution of whatever 
form can have any point above this curve. Figure 
1, curve 1, A 


expressed in decibels. The assumption that 41 


0, shows the actual curve with B 


J is an extreme one and for the purpose of orienta- 


tion a further curve is shown for which it has 


been assumed that /1 0-5; this is a reasonable 


assumption in many cases; in others it may be 


possible to assume a somewhat-higher value of 


!. Although, in the calculation, -1 is assumed to 


be a constant, the curves are also accurate when 


the power during the traction of time (1 b 


has an average power value of -1 


LOG- 
NORMAL 
[(TANGENT)\.__ 


nvelope curves of log-1 distributions 


having specitied moment 


These curves show that the first moment does 
not exert much control over the power distribu- 


tion except when p values exceed 40 or 50 per 


CERT. 
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distribution curves with unity rth 


o2 DISTRIBUTIONS 


THIRD 


FOR Two-VALu! 
SPECIFIED 


Locus 


HAVING SECOND AND 


\IOMENTS. 


If the extreme case J 0 is assumed, the 


envelope curve 2 in Figure 1 applies when the 
second moment is JJ's 2-5. 

It is often justifiable to assume that the mean 
power of the distribution is unity. This leads to 


the equation 


Che curve tor 


M's is the 


cutters 


where second moment 


this condition little from curve 2 and 
therefore has not been shown. 
For the third moment, the extreme condition 


(), vIVeS 
B 


The c V/ 10 nd 


with B in decibels measure is shown in Figure 1, 


rrespondin 


gy curve Iorl 


curve 3. In this case the curve is changed only 


very little even when it is assumed that 4 }, 


Figure 1 shows that with the moment values 


chosen for this example, the third and first mo- 


ments are controlling and the second moment 


does not cause any limitation when the 


except 
curve -1 0 apphes for the first-moment locus 


\n actual 


spec ied can 


noise distribution having moments as 


never at intersect the 


all point 
curves shown 


It is obviously pe ssible to choose other values 


for the moments and so to define different. re- 


is on the distribution curves. It must be 


strictiol 


remembered that curves of the type used in 


Figure 1 show only the highest value that the 


distribution can attain; actual distribu- 


possibly 
tions must at most points be considerably below 


the three curves 


In the next se tion, in attempt will be made 


to determine more-likely limitations on distribu 


tion curves having spec ified moments 


3. Envelope Curve of Log-Normal 


Distribution Curves with Specified 


Voments. 


It is not difficult to prove that log-normal 


moment are 


tangents to a curve: 


2-17 dec ibels, 


10 log B 
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where vy is the normalized variate. It is interesting 
to note also that the point of contact of the log- 


Curve 


normal with the envelope curve divides 


the log-normal 


the corresponding moment ol 
curve into two equal parts 
If the rth 


that 


the tangent 


10,7 


moment is increased, 


curve for moment will be lifted by 


log V decibels. 


In Figure 2, three envelope curves are shown 
corresponding to those in Figure 1, with the mo- 


When all 


considered, it 1s 


ments 1, 2-5, and 10 units the e1 


) 


velope curves in Figure 2 are 


again clear that the second moment requirement 


also exerts very-little control in this case Phe 


veneral conclusion from Figure 2 is that if actual 


distribution curves with the specified moments 


ire log-normal in their upper range, the dis- 


tribution curve is likely to be approximately 3 


decibels lower than the maximum possible values 


in I ivure 1 The methods used 1 | igure Zz could 


be applied to other types of distribution, but this 


has not vet been attempted It is believed that 


curves such as those in Figures 1 and 2 give a 


good first estimate ol the higher levels of distri- 
bution when only the moments are specified. 


measurements are made 


If the noise powel 


with a time constant of 0-25 second, hourly dis 


tribution curves will tend to become flat near the 


left-hand side of the graph, since the probability 


ot 0-01 per cent corresponds to only 0-36 second 


per hour. A noise surge lasting 0-36 second with 


level of 13-3 decibels will contribute one unit 


third moment. In practice, meas 


ured third moments are likely to fluctuate greath 


to the hourly 


] 


since they arise largely from rare events 


4. Practical Considerations 


like ly to be very 


noise that will cause 


Some actual noise values are 


high and to exceed a value ot 


failure, for instance, of signalling (the transmis- 


signals), or ol 


sion ol digits by voice-Irequenc\ 


voice-frequency telegraph channels using the 


telephone circuit 


The effect of verv-severe noise in a telephone 


circuit is similar to the effect of interruptions 


By providing automatic substitution of spare 


equipment, circuit interruptions from equipment 


failure ¢ il be reduced, but this mcreases the cost 


of the equipment 


An inflexible hoise specification could, par- 
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ticularly for radio relay links, lead to increased 
equipment costs that might not be justified in 
view of the presence ol other sources ot interrup- 
tions. 

Since the effects of severe noise and of circuit 
interruptions due to equipment failure are simi- 
considered togethet both in 


lar, they should be 


the specification and when providing means for 
reducing interruptions. 

If a noise level can be defined that causes al 
most certain failure while it lasts, then when cal 
( ulating the moments, it would be reasonable not 
I 


to take into account the effect of any increase « 


noise power above the specified value. Such a 
value might, for instance, be specified as approxi- 


mately 30 decibels relative to 1) milliwatt 


20 decibels above the recom 
\ny 


at this value when calculat 


10°* milliwatt) or 


mended hourly mean. noise value exceeding 


this should be taken 


Inge Or Measuring the moments (limit convention 


he total time during which this power is ex 


ceeded should be measured or calculated. The 
introduction of thisleveland the convention about 
still-higher levels have the effect of limiting the 


The 


cannot possibly exceed 10* units and 


moments second moment for instance, 


the third, 
10° units 


For an actual specification, very-much-lowe1 


moment values must be demanded and the speci 


fication that the mean power or first moment 


must not exceed unity further limits the higher 


moments. In calculating the first moment, it is 


of course also necessary to use the limit cor 


If the limit for the noise power is 100 
100 


vention 


the extreme performance would be 


units, 


units of limit noise for 1 per cent of time which 


would produce unity first moment and no noise 
time. The 


would be 10° and 10! units 


third 


second and 


for the remaining 
moments in this case 
respec tively 

measured (with the 


have been 


and the 


If moments 


limit convention total fraction of time 


ol the limit being exceeded has bee 1 measured, 


the measured moments can be corrected to vive 


the moments for the time the limit was not 


reached. Hf the limit is 100 units and it was ex 


ceeded for a fraction a of an hour, the moments 


for the residual time are found by subtracting 


respectively 100a, 10'a, and 10a from the meas- 
ured or calculated moments. The value @ must 


in prac tice be very-small indeed to be tolerable. 
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Phere will then be little error in using the cor- 
rected moments for the residual time. The time a 
must also be subject to a specification, in this 
be a maximum sum value for 


case there might 


instance, for a month. 


Conclusions 


rom the above it would appear that a three- 
moment specification is adequate for controlling 
noise distribution. The next stage would be to 
find 


iC tual 


a set of moments corresponding to the 


requirements for the long-distance noise 


specification. This will not be 


attempted here 
fully 


determined, but it is eCXpec ted that the require- 


since these not, as yet, 


requirements are 


ment can be determined under at least three 


headings: that is, requirements for veryv-good 


service, {tor reasonable service, and lor just ae 
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Volume 


ceptable service, and the percentage Ol time for 
which each of these requirements should be satis 
fied would have to be agreed on. Moment values 
would be decided for each ty pe of service. 


dis 


It would then be possible to construct a 


tribution curve for each of the three moments 


over a monthly or preferably longer period. These 


] 


curves could again be expressed in terms of thei 


moments and such moments would constitute the 


t 


final overall specification 


ol specifi ition tended ior i 


hypothetical reference circuit and 


lhis type 


will therefore 


primarily be used during design work when it is 


often necessary to check if a certain ty pe of trans- 


mission equipment would provide a suitable over- 


all performance Lhe spe icatyu could also be 


used as a basis for the calculation ot ieceptance 


test requirements for actual 
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follows 


I 


| 


Design and Operation of High-Power 


Triodes for Radio- 


Frequency Heating * 


BY W. J. 


and Cal 


the 


ol 


HI 


lactors 


PAPER 


in 


out important 


sets 


the design high-power 
triodes for use in radio-frequency heat- 


The 


oscillator performance and valve characteristics 


ing equipment. relations between class-C 


lead to relatively simple design principles. These, 


with modern methods of con 


Lie 


inh combination 


struction, have m it possible to achieve ai 


unusually high conversion efficiency with rela- 


tively low dissipation on the grid, thus ensuring 


I condl- 


adequate grid safety under \ load 


arying 


design principles are embodied in a 


1 
1¢ 
i] 


range ol industrial triodes that are briefly 


scribed 


I. Introduction and Synopsis 


Che 


used 


Ss\ mbolog \ 


unit 


weak value of fundamental comport 
| | 


of anode current per ul 


peak mstantaneous 


unit area 


direct grid current pe 


ot tundame 


ak value ntal 


comp 


grid current per unit area 


mnstantaneous total current 


unit area 
asured 


orid-to-anode distance 111¢ 


the centres of the wires 


grid to-cathode distance measured 


the centres of the wires 


pitch of grid wires 
fed bacl 


Irom the oute- 


driving power 


put in an oscillator 


, Reprinte 1 fre The 
Enginee? 


| Qs? 
1957 
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POHL 


total grid dissipation per unit area of 
grid 
maximum permissible grid dissipation 


unit area of grid 


per 
direc { supply voltage 
anode volt 


minimum instantaneous 


age relative to cathode 

bias voltage 

peak value of instantaneous 

voltage relative to cathode 

peak value of grid voltage relatiy 

bias voltage 

triode amplification factor 

angle of grid-current flow 
degrees 

In the increasingly Important field of 1 

frequency heating, high-power triodes are get 


Phe « 


it prey ul in most cases demand that t 


ally used as class-C ose ill itors ircumstal 


th 


should give satisfactory service over a 


he Val 
very-\ 
ve ol t idio-freque! cy load Col ditions 


that 


Ol ¢ peration 


ral 


1 


[ nfortunately, a class-C oscillator 


been adjusted for high ethciency 


full load will, under no-load cond 


itions, run 
excessive grid drive, frequently followed by 

failure. Phe powel dissipated Ol the erid with no 
load may be several times that dissipated at full 


that the full-load 


art inged so that the erid di 


load. It is therefore necessary 
conditions be SSIpa 


tion is low enough to allow an adequate safety 
margin 

In this paper it is shown that the grid dissipa 
tion is very critically dependet t on the operating 
conditions. As the full-load efficiency of the oscil 
lator is increased, the grid dissipation rises very 


Thus, 


justment of feedback and bias, derives the utmost 


sharply. the circuit engineer who, by ad- 


power from his circuit, jeopardizes the valve grid 


safetv. It is proposed here to use the conc epl ola 


y 
rid 


afety factor, defined as the ratio of maximum 


rated grid dissipation to actual grid dissipation 


at full load 
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It would perhaps have been more logical to 
define this factor with reference to no-load condi- 
tions. Since, however, these depend not only on 
the valve but also on the circuit losses, and in any 
ditheult 
the purposes ol the paper that the salety factors 


case are to calculate, it is assumed for 


at full load and at no load bear a constant rela- 


tion. 


The valve designer is faced with the task of 


providing an acceptable grid safety factor at the 


highest possible anode efficiency. By examining 


the interdependence of these two parameters for 
various designs, it will be shown that this require 


ment is best met by the smallest mechanically 


reliable grid-cathode spacing (high slope), and 


the smallest grid-anode spacing (giving low am- 
plification factor) compatible with freedom from 
tiashover. The effects of variations in wire diam- 
eter and grid pitch are also considered and it is 


shown that, although it is advantageous to use 
worth while to make great 


that 


fine wire, it is not 


efforts to reduce the wire diameter below 


whi his me hanically convenlent 


ciples, together with moder meth 


| hese pril 


have been ipplied 11) he 


ods of construction, 


t } 


developme! Ol 
1 h 


triodes and | 


i new range of industrial heating 
ive resulted considerable im 


] 


provemel! Lefficiency and grid satety factor 


2. Class-C Oscillator Relations 


class-C 


| hese 


he performance equations describing 


litions will now be derived 


Ost illator COM 


relations enable the circuit designer to carry out 


class-C calculations far more rapidly than by 


ntional methods. 


140 degrees will be 


COVE 
\ flow ingle ol 


considered representative ol full-load 


used, this 
ingle beu C 
operation with good compromise between ade- 


iC) The 


constants in 


quate output power and _ efficie: flow 


wle merely determines the the 


equations below, which are obtained by Terman’s 


method.! Smaller flow angles lead to higher 


efficiencies at lower powers, but it will be seen 


that the generalized conclusions concerning valve 


design that are derived later are equally applica 


] 


angle of flow 


Phe available radio lrequency power Is 


in the bibliography 
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where 


is i eood 
1-617 


It is shown 


approxim ition 


In section 10 


purposes the grid flow angle 


1 
taken as 


0-17 is an ipproxima- 


the drive 


pow I S 


0-17] 


Subtracting this from the 


quency power, the output powel! 


r Q-2/ 


\n expression 


Equations } and 7 then vield a useful e 


l 


pression 1[o1 the erid dissipatiot terms Of peak 


erid voltages and currents as obtained from 


measured or calculated valve characteristics, 
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It should be noted that the above procedure 


applies to earthed-cathode operation. At high 


frequencies (in the region of 100 megacycles pet 


u+1-6V second) it will become necessary to employ the 
method.? For this it is necessary 


/ The grid 


earthed-grid 


ch is a satisfactory approximation for grid only to replace J,, in (3) by J; 


How angles up to about 120 degrees. (See also dissipation remains unchanged. 


section 10.2.) The anode efficiency is given by Phe constants in the equations can be readily 


the quotient of output power and direct input modified! if an anode flow angle other than 140 
1] 
i 


degrees is required. In general, it will be found 


powel 
that smaller flow angles vive higher emcrencies 


lament emis 


Po/P. $-4P 


at lower output powers tor given fi 


necessary tO sion capabilities. This means that if a valve is 


it 1s 
, Which is approxi- under-run, verv-high efficiencies can be obtained. 
\n example of this is given in the measured test 
results in Table 1 where the valve tvpe JJ 222k, 
which is capable of 24-kilowatt output power 


gives an efficiency in excess of 90 percent when 


: & 
only 17 kilowatts of power are required 


10 


3. Calculation of Valve Characteristics 

irize, the design is carried out by first 
1). For any assumed value of V4, lo establish design principles, expr 
‘ristic curves of the valve give |] required relating valve electrode dime 
he required current J 


the peak currents and voltages used 


vious section 


nd the grid voltage 
\ widely used relationship for the total space 


lhe drive power required 


I’, are derived trom (3). Equations (6 


9), and (10) then give output, grid dissipa- 
nd bias resistance, respec tively 
», be expedient to provide some of 


by means of a cathode bias 


TABLE 1 


MIEASURED OSCILLATOR PERFORMANCE DATA 


0-36 


1600 
00 


\ crease 
kilowatt output power 


gacvclk per second wi 


Grid Current 1 \mperes ().3) 
Peak Positiv (srid Voltage OO) 


Grid Dissipation in Watts 50 
O0) 


Ohms 
\mpe res 


Kilo Ethiciency in Per Cent 
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lor the grid current, the approximate relation 


for a parallel-wire grid, 


Ge 


is used. This is derived by assuming the experi- 


mentally verified relation 


and finding the Gonstant 





| quation is not highly accurate and has on 


OCCASION 1) Tse 
Nevertheless, 


for general design trends and seeking to 


to errors up to 0) per cent. 
it suffices for use here, since we are 
look es 
achieve reductions in grid dissipation by an order 
of magnitude. (The characteristics of the square- 
mesh grid correspond to those of a parallel-wire 
grid having a pitch equal to 0-6 times that of the 
mesh.' 

arried out? from 


Phe calculation of u has been « 


information given by Ollendort. 


Vethod of Estimating Valve Suitability 


The 


bring out something about the important factors 


foregoing relations will now be used to 


in the design of high-power triodes for oscillators 
in industrial heating equipment. To this end, a 


method of estimating valve suitability is em- 
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ployed that has proved useful, not only for ex- 
posing the shortcomings of some existing obsole- 
scent types and accounting for failures in the 
field, but 


principles outlined in the following section 


the valve design 
The 


method consists of calculating the output power, 


also in establishing 


efficiency, and grid dissipation at a stipulated 
140 degrees 


This gives curves ot 


anode voltage, flow angle (as, and 
fixed peak cathode current. 
which the generalized form is shown in Figure 1. 
Such curves are obtained from measured or cal- 
culated valve characteristics as follows 

issumed. For 


A number of values of V, are 


each of these, the peak grid voltages I’, required 
to give the fixed Spec ified peak total current are 
found from the characteristic curves (preferably 
constant-current curves), together with the corre- 
sponding values of J, and /,. Equations (6) and 
(8) are then used to obtain output powel! and 


assumed value ot V 


erid dissipation for each 


readily expressed ll le n anode 


from (9 \t 
11 


60 per cent the output power will 


these are 


efthiciency ethiciencies above about 


be found to 


remain substantially constant, and represents 


the maximum power that the valve will give at 
iwailable total 


the voltage considered and at the 
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Phe grid dissipation will be 
| 
Che 


maximum attainable efficiency is limited by the 


cathode emission 


seen to increase rapidly with efficiency. 


point at which the safe grid dissipation is 


CX eeded 


s desirable, for 


LIOTl e 


to work 


with i certal 


load. Thus a merit 


full 


this be spec! 


full 


safety 


\ ilve could, Lor aspec 


ie efficiency it output powel il 


which the grid has a given factor. If this 


tor were fixed at sav, 2-0, then the valve re- 


ure 2 gives a 


‘merit figure’ of 56 per 


information given here applies to ai 


obsolescent broadcasting valve unsuitable for 


ndustrial heating; at 56-pet cent efficiency the 
exceeded. A 

not possible with this 

In the 


hgure ol 05 


dissipation would be Salety 


0 is theretore 
full 


Ves 


output power. same Way 


i merit per cent and 
has been satisfactory in 


| igure 4 


nd shows what has 


ipplies to a valve that 


held. The valve to which relates 


the 
vives a figure ot 81 per cent. 
been achieved with the use of design principles 


outlined the following section and modert 
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construction It the 


methods of represents 


> 


3J_ 222K 20-kilowatt triode. A description of this 


and similar valves is given in section 7 

Figures 5 and 6 show some results obtained by 
applying the method to a hypothetical valve with 
calculated characteristics. These lead to import- 


ant design conclusions discussed in detail in the 


following section 


5. Conclusions Concerning Electrode 
Design 


Diagrams such as Figures 1—6 reveal immedi 


itely the causes of unsatisfactory service 1n 


industrial heating applications and indicate de- 


sirable trends in design, which will now be dis 


cussed with reference to each of the mmportant 


electrode dimensions 


5.1 FILAMENT 


It is well ki that the emission life of the 


cathode is depende nton its rurming temperature, 


1IOW! 


In the case of thoriated-tungsten filaments, the 


relations between running temperature, emission, 
ind 
ippli itions, 


industria 


less thar 140 


lite are well known. In 


ingles much 


How 


degrees Ate SOTTI¢ Mes used lO GIVE improved 


etficiens es I neral, it is reconime ded that a 





frequen 
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erees should be catered for Ul » curren 


of approximately 6 times © sat factor is not affected be 


it \llowances must ilso by wires Can dissipate idditior il DOW 


for deterioration of emission during. life pitch too large. however 


flament-voltage fluctuations. 


A\THODE SPACING 


smallest practi ible 
lye justified bv the 
power, which is proportional! 


space current and current 


livision, 7, remains constant. The value of | 
required to produce this space current diminishes 
vith / rceccordance with (11 Phe grid 
ithode spacing should therefore be as small as 1s 
thle from a mechanical viewpoint; it 1s 

the iwccuracy obt unable in the 
ind grid structures, their supports, and 


overall dimensio 


ow efhiciel 


good COM Pro! 


5.4 GriIpd-ANODE SPACING 


The effect ot varvi 


keeping all other marameters ) tan is show 


Kigure 5 is clear that to obtain good grid 


11h 
safety factors at the highest efficien , the ratio 
of grid dissipation to effic iency should | is small 
is possible The conclusions dt 
that it is desirable to lu he 
] 


lode spacing until the tend ( 1Ol flashover LO 





take place enters into consideratio Doubts arise 


because the resulting low uw is usually associated 


with i high driving powel Che drivu g power Is, 
output power. These cur 
5 nti tres) of however, not as high as might at first be « xpected 


re inch (6-45 square 
il n | 


sO On 


6000 bp = 0-:060, Tu + 1 because it depends not o1 
140 deg z 10 wat I ul in accordance with ra given space 
reduced by 

the driving power increases 


1 below values 
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verted reducing it wher 


rid. As | 1uch smaller than the pitel 


powel Ss unimporta 


verv-low values of uw, it repre 6. Characteristics and Performance of a 


the available radio New Range of Industrial Triodes 


us 


Ihe desig principles outlined li 1 prey 


h ivV¢ been ipplied 1) the developme! 


Ol powel! triodes, two ol which 


Figure 7. The 3J 222F is desis 
ul output Ol MO kilow TIS at an mode \V" 


t show 


kilovolts. Its characteristics are 
calculated perlormance 
How angel f 140 deg 
Phese eood 
pertormatl 
lable 


2021 YIVeS FrOoUugI 


Sallie voltage S 


opel 
neiple that in these valves 
ie direct supply volt 


is possible, but 


222E (10-kilowatt and 20-kilowatt output 


tr triode 


2 
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grid spacing is maintained at the same value 
his gives about the same relationship between 
grid safety factor and efficiency. This can be 
appreciated by inspection of (11) and (8), re- 
membering that uw is proportional to the grid 


al ode spac ing. 


7. Mechanical Features of New Triodes 
7.1 ENVELOPI 


One of the most-import 
valves used in productive indust 
robustness both of the envelop 
trode structures. Although conve 
valve connectors are adequate for the frequencies 
used in the majority of industrial heating appli- 
cations, recent developments in the broadcastin 
held have pointed to the 
structures [or higher lrequene 
nection it was found during exte1 
such structures not only ¢ 
trical losses and facilitate COK 
many times stronger mecha 
illy resistant to thermal shock ure 9 shows 
details of the construction us¢ his construc 
tion facilitates accurate electrod 
being entirely svmmetri 
during life. There are mn 
joints and n < ta ty] iCKNOWI- 


residual 


tured 


squal 


that at the maximum 
emission from the grid 
imiperes per square centimetre 
face area. This occurs at about 


centimetre. The maximum rated ilue of grid 


dissipation is the figure that will be certain to 


ensure freedom from grid emission troubles. The 


erage erid itself, however, is capable of withstanding 


for short periods ibout four times more powel 
before damage results. 

The characteristics of the 
col respond to those of a pal illel 


a pitch equal to 0-6 times th 
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EF ILAMENT 


The filaments of these valves have a mesh cor 


i 


Structures such as this were first de 


ictiol 


scribed and successfully put into practice by 


\liiller 


these 


Phe construction used here differs from 
so far as it is rigidly supported from one 


end oniv: this was found to give construction il 


thoriated 


ady Wtaves The mesh CONSIStS Ol 


ire made trom two lavers of multifilar 


\n important 


it the resistance to distortion is exceptionally 


merit of this structure is 


reat, which not only makes for mechanical 


robustness but also allows a smaller grid—cathode 


spacing. Electrically, the filament resembles a 


surface rather than a col- 


unipotenti il emitting 


filament strands with the same 


This 


effect’ between ad] cel 


lection of single 


heating power. characteristt 
mutual heating 
hlament 


The filament 


vive economy powel! for 


Is SUD 
t 


peak current requirement. 


ported at one end in inverted sleeve and at the 


I 


other 
in Fig 
mum 


nd axial dire 


is connected to a series of as show! 


ure 10 


freedom 


tapes 
hese are designed to give the maxi 
the transverse 
} 


Hall} 


to the filament in 


tions, thus minimizing mec¢ | 
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strain. A central tube is used for support and for 
conducting the heating current to the tapes. 


This structure! has shown a hitherto unat 


tainable resistance to distortion. Even if the fila- 


ment is burnt out by applving approximately 


normal filament power, no move 


four times the 


grid filament spacing 


ment comparable to the 


takes pl ce 


OOLING 
t\ 
cooling 


have 


cooling 


Valves equipped 1Ol 


rooves cut into the permitting 


periods the 


dissipation wice the 


for short 


powel Col sidered idequate tor strial 


PUFPOs¢ Ss 
cooling 


radiators for torced-ait 


double powel overloads 
hn temperat 


conditions exceed 400) deg 


icknowledgments 


Ihe uthor Is grealh 


helper rally (; 


CSPEC 
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prominent contributions to the mechanical 
development work, D. C. Rogers, for helpful 
criticism, and C. H. Foulkes. 


9. References 
kK. EE. Terman, “Radio Engineering,’ Mce- 
Graw-Hill New York, 
New York ; 1932: pages 325 and following. 


W. J. Pohl and D. “ULE. Tri- 


Design of Earthed-Grid 


Book Company, 


(. Rogers, 
Class C 


odes. 


( Jperation,”’ Wureless Engineer, volume 


32, pages 47-52; February, 1955. 

] H. FKremlin, R. N. Hall, and P. A. Shatford, 
i: lectri- 
cal Communication, volume 23, pages 426 

$35: December, 1946. 
ji. 
stants.” Electrica 
18, pages 33-49; July, 1939. 
Rk. B. Ayer, ‘“The Use of 
Filaments in’ High 
Proceedings of the IRE, 
594: May, 1952 


“Triode Amplification Factors,”’ 


Kremlin, “Calculation of Triode Con 


Communication, volume 
Phoriated Tungsten 
Power Transmitting 
Pubes,” volume 
$(), pages 59] 
Cy 
\lesh Grids,”’ 
19, pages $47 
\Miiller, “Die Siemens | 
Sende-1 FITZ, 
33: November, 1952 
Pohl, ‘Mutual Pransmit 
Valve bilament Struc tures,” Proceed 


of t Institution of Electrical Enegt- 


] 


“Triodes with Square 


iglesfield, 
Woereless Engineer, volume 
$50; October, 1942 

KAW. Fernseh 
volume 


hhren,”’ pages 


Heating n 


> 


volume 103, part C, pages 224-230 
Monograph No. 158 R); March, 1956. 
Cy Ashdown, ‘The Vapotron,”’ 1 


ng, volume 25, pages 378-379. 


ectront 

I: neinee 

1953 

\pplication 24073; 

\pplication 23 986; 

\pplication 4976; 195 

“Belastungsver 

Sende 
rohren im A.E.G 
VWitterlungen, volume 45, pages 523-528; 
November December, 1955. 

14. LL. TP. Apps, “Class C Amplifier and Oscillator 
Design,’ /¢/ 


> > 


/, pages +0) 


September, 
sritish Patent 
British P 
British Patent 
H. Kopke and | 


itent 


Uredat, 
haltnisse und Ejigenshaften, von 


Indust riegene!r ator,’ 


ectronic Engineering, volume 


$2: January; 1955. 


1960 © Volume 36 Number 3) * ELECTRICAL 


10. Appendix 


EXPRESSION FOR 
\NGLI 


APPROXIMATI 
GRID-CURRENT FLOW 


10.1 


The grid-current flow angle @ is given by 


od 2 


) 


With the anode flow angle of 140 degrees, @ 2 Is 


generally less than one radian (@ 115 degrees 


In the described range ol triodes with high slopes 


area of cathode, ¢ is in the region of 90 


per unit 
degrees. Thus the approximation obtained by 


expanding 


lhe 


error is approximately 1 per cent at 80 degrees, 


is accurate enough lor practs al purposes 


and 4 percent at 120 degrees 


This gives 


ipproximation 


rom 
that / / 


ingles up to 120 degree 


is linear will » permissible 


for flow 
It is proposed to use 
corresponding to a 
Chis 
{ 


readily usable expression fot 


relation is used in 


put powers, (5) and (6 


10.2 Grip—-DIsstpATION Mi 


PRACTICAL CIRCUITS 


Phe grid dissipation « 
practical oscillating circuit 
mean grid current, and I’,, 
with a valve voltmeter at 

Replacing J, in 
half-sine-wave current flow 


pendent of flow angle 


is obtained: that 


P 


is obtained from | 


bias voltage, 1% lak 


MW here |" 
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World’s Telephones— 1959* 


x] WERI 124 SOO O00 telephones Iceland, New Zealand, Norway, Sweden, Switz 

service throughout the world at erland, and the United States 
beginning of 1959. This was ai In general, the statistics reflect the situation 
increase ot 7 OOO OOO telephones, or 6 percent, is of January 1, 1959. In the t ible of telephones 
over the previous vear's total by countries, estimates are shown. for those 
\lore than half of the world’s telephones were places that ordinarily report statistics but did 


lo« ited i the | nited states \l iska ind Haw ill not do so this year In time [ot pP tbli ton Where 


became states dur I the Veal 1959 Dat countries have not supplied d ita tor tive years 


lating to them are not included in these st or more, the official figures last reported 
Hi’ tO 1c < 7 oe 1 I Ill se Sta 


: 1 : ‘ shown, and estimates 1 irv 1, 1959 
ismuch as the cha eC 11 status occurred iter 


used in computing continent il and world tot 


the effective date ol report 


| Only those telephones ire counted that have 
lepnh 1) 1 ion ft 1 111 . 

elephones proportion to populatio ilfor Hl 
ep | PO} | iccess to the general network. Included are main 


‘SUI of the 1 tl | ft tele; 1 rei 
ISUT | the relative level of lephon telephones both individual and parts line 


t. Twelve of the countries or areas extension, private branch exchange, public pay 
with more that 25 000 telephones had it least 15 telephones, ind official telephones 

telephones pel 100 population Listed in upha- Conversation data were not available in all 

betical order they were: Alaska, Australia, cases. For those of the world’s principal countries 

Channel ids, ‘nmark, Hawaii. reporting these statistics, Canada led in the 

average number of conversations per person with 

aaa. followed by the | nited States with 72, 

and Sweden with 346. kor the world in general, 


this figure is estimated at 58 


PELEPHONES IN CONTINENTAI 


71 014 300 
§)23 900 5 SOO 
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R00 000 j §4 169 600 | 785 100 
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TELEPHONES BY COUNTRIES AS OF JANUARY 1, 1959 
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PELEPHONES BY COUNTRIES AS OF JANUARY 1, 1959—Continued 
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TELEPHONES BY COUNTRIES AS OF JANUARY 1, 1959—Continu: 


0 
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TELEPHONE CONVERSATIONS DURING 1958 


Data were not available for all countri¢ 


105 000 000 106 000 
90 200 00) 116 400 
$575 800 000 $620 800 
95 300 OO 4108 OOO 
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United States Patents Issued to International Telephone and 


Telegraph System; 


1959, 


B' rWEEN May 1, 1959 and October 31, 

the United States Patent Office issued 128 
patents to the International System. The names 
subjects, 


of the inventors, athliations, 


| 
I 


COMpahy 


( vatent numbers are listed below. 


1 
I 


\dams, IV] 


IWwing Svstem, 


Laboratories, Diversity 


2 903 577. 


\dams and J. B. Harvey, ITT 


Sliding-Contact 


Labora 


Puning 


tories, 


Device lor 


Coils, 2 894 233. 


\Itman, ITT 


ing Combini 


Laboratories, Diversity Re- 


System, 2 903 576 


nd | S Nassor, 
Variable 


Chl 
\ttel uators, 2 S90 $24 


Laboratories, 


Elec- 


| rielec trics, 


bain bi 


trolumit 


tboratories, Polarized 


escent 


Phosphors and 
» X87 601 


W. Bain, Far 
Delay Line, 


sworth Electronics Company, 
» 892 104. 


\I. Bart ird, 1) = 
Judd, St 


Girling, iii ae \\ 
Pelephones ind ( ables 
Electrical Ca 


ind ird 
\lanufacture of 


| ondot 


» O03 780 


icitors, 


aum, IT Narrow 


itor Circuit, 2 889 458 


> 
ALIN 


Laboratories, 


[iscrimin 


Lvtollis, 


London 


\ I] \\ Bec k. | \I Jan kson, and i, 
Standard Tels phones and Cables 
(old ( athode 


» SON 502 


Electric Discharge ‘Tubes, 


er 
2 890 420. 


\l.. Bradburd, Pulse 


Shaper Circurt, 


Labor itories, 


W. Brandt, Capehart—Farnsworth Company, 
Clipper Circuit, 2 896 077. 


H. Bray, P. M. King, and J. 


Pelecommunication Laboratories (London) 


Timing Equipment, 2 899 500 


Rice, Standard 
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May 1, 1959—October 31, 1959 


R. G. Knight, St 
( ables Lond 


2 906 S88 


Il. Bray and 
phones and 


Counting Circuits, 


Pre Peifer, and R. W. Wilmarth, 


Labor itories, 


3rvan, A. G 


ii) 


pling 


Radio-Frequenc 
\rrangements for Tr 
Tubes, 2 894 227. 

= I] | I ibor ilo! 
system tor Frequency 
ission, 2 S95 009 
( hapman wad) E. 
Limited 


Brandes 


\mplifiers, 2 


Ik. Chapman, ITT Laborato 


tion of Rotating Element 
Radio 


2 891 201 


I] C ooper, Federal lelepho 


Company, rvstal Contact Dev e, 
| Culbertson Kellogg 
Supply Compan 
cepting lelephon SVstt 
Federal 
Proce 


IR i\V- | ube screens, Z 


Fo Cyrry, Radio 


Company, thode- 


Le Davidoff, | | 


Supply source, 


Labor il 
2 906 964. 


L. Day: 


( h irve 


Vd 
\ssen bly, 


th Co 


| irnSWwoO!l 


| Davy, ON] 
? 894 164 


Electron Discharge Dev ce, 


( apehart 


L. deFkaymoreau and NM 
Laboratories, 
» 906 874. 


Triggered Pulse 


\l. Den Hertog, 


Company 


Bell Velephone \la 
\ntwerp), 


fracturing 
Re | i" Re orde . 


2 887 624. 
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Durst and B Jacobs, Federal Pelephone I] 


and Radio Company, Housing Containing 


Electric Surrounded by Siloxane 


Chloride 


Ash stal 


Resin and Calcium ( omposition, 


2 902 633 


tT 


Semiconductor 


ibora 


S Ee pstei tories, 


\lold Lor 


Fabricating Signal Trans- 


> S88 TR) 


lating Dx vices, 


(; | Ist her il d R. ( Neunzig, I] | Labor l- ke 


tories, Triggered Pulse Generator, 2 S89 457 


H. W 


Frequency 


Gates, Capehart-Farnsworth Company 


\lodulating System, 2 887 663 \ 


oe 


2 903 650 


Laboratories, Synchronized 


(sx illators, 


& Gslomb, iT 


894 153 


Pime-Delay 


Labor itories, 


Circuit, 


R. Goerlich, Mix & Genest (St ittvart 
Card-| 


dexes, 2 908 278 


IPT Labor 
Pime-Delay 


itories, Microwave 
) S94 »)”D 


Gold 


Energ. Devices, 


LL. Goldst« are 
laa 
\mpl [ ile 


Dorney, and M. A. L 
Ultra-High-Frequene 


\lodulator, 


inpert, 
iboratories, 


aie 
2 903 652 


J Gsreen, Stal 


Londo 


Lele phor es and ( 


Phermionic-Cathode 


dard 


2 896 170 


nsistors, 


\lechani 
and Storing the Work 
\loving 3 hine ment, \ 


Lorenz (Stuttg 
Device 
ing Posit 


2 S90 301 


W. Hatton 
| 


Yevice, 2 YOS 836. 

P 
1 t1. Fk. Kuras, (TT Laboratories, 
ind Ominipolarized \ultiple \n- 
\ntenna 


Detector and Low-Frequen \ 


Network, 2 894 124 


with each Having 


iboratories, (; 


nand B. Dzula, ITT L 


ation Identification, 2 894 069. 
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Kruithof, L. ]. G. Nys, 


W. Ikruse, 


COMMUNICATION. « 


\\ Hoffman, 


( orporation, 


Cable & Radio 
Feed-Out 


Pelegraph \pparatus, 2 892 032 


\merican 


Pape Devices for 


P. Hoyt, Capehart-Farnsworth Company, 


elevision Tuning Indicator, 2 905 759. 


Llubner, 


Mmagnetie 


| lec tro 


> $96 191 


\lix & Genest 


Impulse Counter, 


stuttgart 


W. Hlughes and H. Ik. Flesch, 
Data Processing Co 
) $04 249 


trol s\ 


ibora 


tories, VStTeCIN, 


Ito Nippon electric 
( harged-Particle Beam 
2 902 622 


ONWPalhy 


| OCUSIT 


\I Jackson ind I \ | Sell, 


lelephones and ( ibles 


Stand ird 
electri 


(Londo 


Discharge Tubes, 2 896 122 


\lix & Genest 


Edgewise 


\larking 


onvevor oyvstems, 


Keilig, Stuttgart 
Device 


2 891 


lol 
$67. 


W. 
High-Compression Beam 


Velocity 


stutt rt 


Cla 


Sys 


Klein and riz, ( Lorenz 


Csenetr 


ating 


\odulated 


I specially for 


2 905 847 


tem 


| ubes, 


Klein, W 


Stuttg 


{ Isswald, 


\rrange 


2 OOS S43 


Kriz, and G 
irt 


I Ve ling Wave 


( oupling 


Pubes, 


Klepp, Standard 
Gas-lilled 
> $94 164 


Pelephor Cs 
London Electri 


| ube, 


Laboratori S, 


\lethod OI} 


Knight, 1 
Screens ind 


2 901 649. 


oe Pee 


Donceel 
AONCEeCL, 


Bell Telephone Manufacturing Company 


,2 892 134 


\ntwe rp , 4 perating \lechanism 


Lag 


hers, 2 892 096 


Laboratories, In 


Standard 


Perminal 


Leno, lelephones and Cables 
\ssembly (ells 


for Electric ¢ omponents, 2 902 628. 


London with 


ms Lens, Bell 


Company (Antwerp 


\lanufacturing 


2 S86 166 


lelephone 


, Convevors, 
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A. Lesti, 


tories, 


Federal Telecommunication Labora- 


Diode Coincidence Gate, 2 897 355. 


\l. Levine, 1TT Laboratories, Means for Re- 
ducing Noise Effects in Television Receivers, 
2 906 829. 


\l. Levine and R. S. 
\utomati 


Pulse Modulation Systems, 2 889 521. 


Bailey, TTT 


Control in 


Labora- 


tories, Frequency 


(Stuttgart Cathode for 
Discharge Tubes, 2 902 619. 


Lieb, ( Lorenz 


Electric 


Laboratories, Selenium 


| Lighty, IT 


Rectifier, 2 889 500. 


Pelephone Manufacturing 


Check Symbol Ap 


Linsman, Bell 
Company \ntwerp), 


paratus, 2 S86 240 


| Lombardi, lI | 


Fixed-Contact 


2 903 659. 


) 
Resonant 


\djustable 


Laboratories, 
Cavity with 


Plunger, 


Y. Machalek, Farnsworth Electronics Com- 


pany, Piano Action, 2 905 041 


P, Mayjkrzak, IT] 


Contact Device tor 


Laboratories, Sliding 


Puning Coils, 2 895 115. 


P. Mason, Creed & Croydon 


| icsiumile 


Company 
Recording Apparatus, 2 889 398. 
’ Mason and R. G. Stemp, Creed & Com- 


pany (Croydon) Printing-Velegraph Trans- 


mitter Control, 2 903 106. 


\lasonson, 1 | 
System, 2 906 956 


Laboratories, Correlation 


\lathews and R. A. 
Pelecommunication Laboratories 


Distributor Devices, 2 8&6 739. 


K. A Hlyman, Standard 
London 


Ielectroni 


\Iatthieu, Mix & Genest Relay 
Chains Comprising Magnetic 


2 896 129. 


Stuttgart 
Counting or 


Storing Relay, 


| ele- 
\agnetic 


Mayer and J. M. Waddell, Standard 
Cables 


Control Circuit, 2 907 885. 


yhones) and (London 
| 


\. Mehlis, Mix & Genest 


ment to Inspect Stacked Legendized Papers, 


(Stuttgart), Arrange- 


in. Particular to Read the Addresses ot 


Stacked Letters, 2 889 941. 


2 
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\I. L. Miller, Farnsworth Research Corporation, 


Radio Guidance System, 2 892 189. 


Hl. Mittag, Mix & Genest 


Produc e 


Stuttgart), Ar- 
Electric Signals 
Magnetic Circuit, 


rangement to 
Through Affecting a 


2 901 676. 


Hl. Mittag, Mix & Genest (Stuttgart), Circuit 
\rrangements for Originating Electric Cur- 


Potentials for Signal or Control 


rents or v 


Purposes, 2 906 942. 


}. Norris, IT] 


2 892 083. 


Laboratories, Timing Circuits, 


Pele- 
Electric 


D. Odell and G. |. Turner, Standard 
Cables 


Circuits Employing Transistors, 2 906 890. 


phones and London 


Circuit Ar- 
lime-Zone Meters, 2 887 536 


Oden, ¢ Lorenz (Stuttgart 


rangement [or 


IX. Orthuber, Farnsworth Electronics Com- 


Checking Systems, 2 899 132 


Ppahy, 


IX. Orthuber, FKarnsworth Electronics Con 


pany, Detecting \pparatus, 2 892 O78. 


IX. Orthuber and C. C. Larson, 1 TT Labora 


Image Device, 2 892 095 


tories, 


K. Orthuber, C. V. Stanley, aad C. L. Day, 
Capehart-Farnsworth Compa 


2 894 163. 


| lee tron 


Discharge Devices, 


IX. Orthuber, C. V. Stanley, and G. 


Farnsworth 


Fong, 
\ppa- 


Be XCS, 


Electronics ( 
ratus for Detecting Hot 


2 906 885. 


B. Pickles, IT] Laboratories, \er1 


tion Equipment, 2 889 551. 


il- Naviga- 


B. Pickles, S. H. 
Cir: Laboratories, 
tem, 2 890 449 


\l. Dodington, and G. Stavis, 
Radio Navi Sys- 


vation 


L.. Plouffe, Jr., ITT Laboratories, Control 


Circuit, 2 885 476. 


Poly zou and ] I] Brundage, I] I Labora- 


tories, Discriminator Circuit, 2 906 873. 


Kellogg Switchboard and 


A. ly. Radclifte, Jr, 
Supply Company, 


Negative-Impedance Re- 


Amplifier, 


Using lransistot 


peater 


2 904 641. 
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J. Radcliffe, Jr., Kellogg Switchboard and Kk. W. Steinbuch, H. Endres, and H. Reiner, 


Supply Company, Transistor Test Set, C. Lorenz (Stuttgart 


Demodulator for a 
2 907 954. 


\lultichannel Pulse-Position- Modulated Sys 


tem, 2 906 824. 
Raithel, Siiddeutsche Apparatefabrik 


Nuremberg), Crystal Rectifier or Crystal H. Kk. J. 


Strosche, Siiddeutsche \pparatefabrik 
\mplifier, 2 906 930. 


Nuremberg), Method of Producing Selenium 
Rectifier, 2 908 592 

Standard lelephones and Cables 

Electron Discharge Apparatus, N. Tanaka and T. Kawahashi, Nippon Electri 
Company Pokyvo), Repeating System for 
Pime-Division- Multiplex © Communication 


indard Tel phones and Cables Circuits, 2 890 283 


Traveling-Wave Tubes, 2 890 370 
Ferry, R. Kelly, P. S. Kelly, and W. D 
Cragg, Standard Pelephones ind Cables 


London), Generator Regulated Power 
Supply Equipment, 2 896 148 


id P. F. Burke, Standard Tele- 
1 Cables London), Traveling 


ibes, 2 890 371 


G. Thomas and W. M. Millar, [7] 


tories, Antenna Unit, 2 S89 552 


IX. Sass, Mix & Genest (Stuttgart 


Laboratories. \lagnets 


ircuit, 2 906 S95 


Lor Asse SS! g ( harges 1n Pelephoni Priv ite 


Branch-Exch I e Systems, 2 887 537 


.G. Thomas, Standard Pelephones ind Cables 
Schlansker and \l ] Hlannoosh, Farns 


London : \lonitoring \leans Lor Retlector 
worth Electronics Comy Wy. \lodulators, Py pe \erials. 2 8907 493 


» 892 157 


Todd, | irnsworth Electro1 ICS 
Schmidt, l I tuttgart), 1 ind Pass | ilters, > $9? 163. 
Fouraton, Laboratoire Central ce 
dM Wilson; Standard munications (Paris), — Coding 
nication Laboratories (London), 2 894 214. 
of Semiconductor Material for . 
ae Treadwell, Standard Pelephones 
2 910 394. 
Cables London), Electric Pulse 
. he. we me » « > £AD 
lV] Laboratories, Directio Modulation Systems, 2 902 54 
Systems. 2 895 13 
ems, 2 895 134 S. Van Mierlo and H. H. Adelaar, Bell Telephone 
; : Manufacturing Company (Antwerp), Ele 
Sichak, ITT Laboratories, Diversity Co | | 


eli pits 7 tronic Telephone System, 2 910 540. 
mucation Receiving Svstem, 2 885 542 | 


Velec ky, I] | Laboratories, Punch and Dic 


| ‘ies Nigital-to-Shaft- . : 
I'l Laboratories, Digital-to-Shaft for Bending Channel Member, 2 884 985. 


Position Information Translator, 2 889 505 


M. W Wallace, [TT Laboratories, ¢ old-Cathode 


P. Smith, Discharge Test, 2 903 624. 


Capehart—Farnsworth Company 
Color- Television Signal-Sepat iting Svstem, 
2? 896 O15. . Weill, C. Hannigsberg, and H. EH. Adelaar, 


Bell Telephone Manufacturing Company 


(Antwerp), Control Means for Pulse Dis- 
Company, Methods and Apparatus for tributors 


J. Staller, Federal Telephone and Radio 


Operating in| Svnchronism, 
Color Coding Electric Conductors, 2 885 739. 2? 901 603. 
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D. A. Weir, Standard 


Intelligence-Storage Equipment, 


lelephones and Cables 
London 
2 904 778. 


W. Weston, G. W. Clarke, and R. J. M. Andrews, 
Standard Pelephones and Cables (London 
Submarine-Cable 


» $04 055. 


Repeater Housings, 


\. D. White and Deets Heney, 1 TT Laboratories, 
Nonscanning | requency Analyzer, 2 906 954 


ge Waveform 


O07 026. 


IX Wilson, 


(senerators, 


Laboratories, 


Pelecommunication 
\lethods ol Pro- 


> 


2 BAe Sle, 


\I Wilson, Standard 


I aboratori s 
ducing Silicon 


London 
of Tligh Purity, 


Labora- 


A. K. Wing, Jr., and J. H. | 


tories, Directional Power Divider, 2 894 168 


\. K. Wing, Jr., and H. W. Cole, ITT Labora- 


tories, Electron Discharge Devices, 2 899 593. 


electromec, 


H. O. Wolcott. Incorporated, Vari 


able | requei Vv Osc illators, 2 904 ia] 


Weir, 


Pele ommuni ation I 


r. Wright, D. A. and |. Rice, 
Standard 


Lor don 


» $06 019 


iboratorte Ss 


Pelecommunication Equipment, 


~~, \ isuda, Nippon lokvo 


I 


Ir tVe ling Wave 


| lee tric ( OMIPAalhy 


Pubes, 2 895 066. 
Kingdom, Standard 


Electrical 


\\ I] 1) Yule and a C 
Pelephones and ¢ ables (London 
I RRO $95 


Re | VS, 


Producing Silicon of High 


Vethods of 
Purity 


» RQQ ZIRQ 


J. M. Wilson 


\ process is described for manufacturing 
a reat tion between silicon tetra hloride 


I he 


is carried out by adding silicon tetrachloride to 


silai ( by 


ind lithium aluminum hydride. reaction 


lithium aluminum 


the 


an excess quantity of the 


hvdride and maintaining excess of this 


hydride during the action so that the product 
of diborane as an impurity in the silane will be 


a minimum. 
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Production of Semiconductor Material for 
Rectifiers 


2 910 394 


R. Scott, G. King, and J. M. Wilson 


This process is for producing a coherent body 


of a semiconductor such as silicon containing 


t 


a predetermined minor amount of a sigt 


the 


ific ant 


impurity having desired conductive char- 


acteristic Phe body is | roduced by introduc Ing 


into a limited heating zone a continuous stream 


of silicon hydride together with controllable 


stream of a hydride of the significant inipurity. 


These streams are directed onto surface that 


is maintained at a sufficiently h gh te niperature 


hydrides. 


n 
the decompositio1 ot the 


to cause 
is so controlled th il the dec on position 


1} 
ii 


The flow 
takes pl ice substantially Wholl O 


of this area. 


Radio Navigation System 
2 890 449 


S. B. Pickles, S. H. M. Dodington, 


idio beacon svs- 


Chis patent covers a tacal 


tem in which the beacon transmitter ts triggered 


the cra and these 


by interrogation pulses trom 
nd pic ked up on the 


pulses are re-radiated t 


craft. Reference signal pulses are also. trans- 


mitted from the beacon between replies to 


trigger pulses. On the craft there is an equipment 


for comparing the phase of the reference signal 


with the envelope wave of the re-radiated pattern 


to obtain azimuth and for comparing the inter- 


rogation pulses with the returned pulses to 


lhe patent covers 


} 


LUrVDOrTie 


obtain distance measurements 
both 


ment. 


the radio beacon and the equip- 


Electric Pulse-Code-Modulation Systems 
2 902 542 
*G. Treadwell 


the 


System 1S ol 


This pulse-code modulatio1 


using a multiple-element code in which 


type 
each of the code elements is made up Ol pulses 
of opposite polarities. By using interspaced 
elements of different polarities the encoding ol 


the signal is simplified. 


COMMUNICATION 





Submarine-Cable Repeater Housings 
2 894 055 


W. Weston, G. W. Clarke, and R. J. MM. Andrews 


\ submarine repeater 1n which the repeater 
proper is enclosed in a region of relatively low 
pressure is described. Bulkheads are provided 
between different sections of the repeater housing 
ind the sections fastened to the cable are at a 
higher pressure to prevent collapse due to the 
rhe the 


( able 


Water pressure. bushings connecting 


with the sheath are of slightly 


housing 
smaller internal diameter than the cable so that 


moisturetight seal is assured. 


Charge-Storage Device 
2 DOS &36 
\. Henderson 


is described tor stor! electrostath 


\ screen 


1 
charges 1n 


li 


mosaic pattern in response to the 


the screen by an electron beam. 


scanning of 
The screen is a pertorate conductive plate with 
the edge portion of eac h perforation coated with 
secondary-emissive dielectric material. On scan 


ning the screen by the beam, an electrostatic 


charge will be stored in the dielectric material 
depending on the instantaneous strength of the 
This 


accurate loca 


the 


at the moment it strikes these areas. 


construction permits very 


the elements throughout 


storage 
Telecommunication Equipment 
? 896 019 

P. G. Wright, D. A Weir, and ] Rice 


The is used in connection with the 


Str id S\ 


equipment 


stem for measuring the succession of 


time intervals required for various stored 


n A storage device is moved past record 


lessaves 


and reading devices at a substantially uni- 


form speed. The recording device initially inserts 
i mark on the storing device and thereafter the 
re iding devi e detec ts this mark, produc esa time 
sign il, and Causes a recording device to record 
a fixed time interval. This 


i further niark after 


reading and re-recording is continued until a 


desired number of fixed time intervals have been 


ELECTRICAL 
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measured. A plurality of these time-measuring 
recordings and readings may be in progress by 


one or more users of the system at the same time. 


Crystal Rectifier or Crystal Amplifier 


2 906 930 


IK. FE. Raithel 


This arrangement is for providing a terminal 
Phe 


a drop ol 


for a crystal rectifier or amplifier crystal 


semiconductor with impurity 


is a 

. 
covering a small part of its surface. The terminal 
is made without spreading this drop of material 
further by having the conductive wire terminal 
provided with two parts separated so that it 


ind by 


will 


can be inserted into the molten impurity 
capillary attraction the impurity material 


surround the conductor and fill this pillary 


Spat c. 


frrangement to Inspect Stacked Legend- 
ized Papers, in Particular to Read the 
ftddresses of Stacked Letters 


2 889 941 


\. Mehlis 


j 1 
LO SPCC ULIIIY 


disc lose a 


\n oar 


objects such 


iigement Is 


flat as letters sO that the lo ition 


of the st unp can be 


iscertained rey irdless of 


| he lett I 


Wan edgewise position along the belt ai din 


the position ot the letter is conveved 


Waves 


sides of the letter are simultaneously 


of both 


produced on a screen. In accordance with the 


position ol the letter, the stamp location. Is 


determined and the letter is switched to the 


proper conveyor so that all the st 


arranged in the same position 


Charged-Particle Beam-Focusing System 
2 Q()? 622 


\l. Ito 


\ slow-wave structure for a_ traveling-wave 
tube is made of three separate interspaced helical 
windings to which the carrier to be amplified is 
applied in parallel. The three separate conduc- 
tors are also connected to a three phase alter- 
nating source so the slow-wave conductors them 


selves produce the required longitudinal magnetic 


Volume 36 Number 3 * 1960 





field. The structure therefore does not require an 


external magnet. 


Delay Line 
) XQ) 104 
G. \W 


sain 


\n arrangement is provided for taking signals 


from a delay line at desired points along this 


line by providing a gating circuit coupled across 
the line. The gating circuit is controlled by a series 
of pulses on a separate line and serves to prevent 


The 


pulses will be shunted out on the desired output 


the passage ol a pulse beyond this point. 


line associated with the operated gate. For gating 


circuits, both ferromagnetic cores and transistors 


ve disclosed 
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{pparatus for Detecting Hot Journal Boxes 


2 906 885 


R. K. Orthuber, C. V. Stanley, and S. G. Fong 


In this hot-box-detector arrangement, pro- 


vision is made for assuring that an alarm is not 


effected should added heat be applied to the 


detector because ot a journal 


an open cover on 
box. To inhibit operation of the alarm under such 


conditions, a light source is directed toward the 
point where the journal axle will be at the time 
is made and a light-sensitive 
light 


1 
ixle end. 


the measurement 
from the 


When 


light is received a relay inhibits Ope ration of the 


detector positioned to receive 


source reflected trom the such 


alarm signal. 
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in Memoriam 


FERNAND 


F' RNAND P. GOHOREL was born on August 18, 
1897, in Rouen, France. He received an en 
in 1918 from Ecoles Nationales 


whic] 


g degree 
ts et Métiers, 
\ledal. In 1919, he 


Ingénieur Dipl6mé de Il’Ecole Supérieure d’ Ele 


ineeri! 


\; 


des fil 


~ 


1 also conferred on him 
its Gold received the title of 


tric ite de Paris. 


His 


telephone department 


11h 


1919 


the Compagnie 


started in 
ot 


Houston, which in 1924, be 


engineering career 
the 
| homson 


Ir ne Lise 


came a part of the International System and is 
now known as the Compagnie Générale de Con- 
structions Téléphoniques. He served as head ot 
1936, 


ads 


the technical department from 1931 to 
technical and commercial manager from 1936 to 


1940, and 


1953 he also became president ol the company. 


as general manager from 1940 on. In 
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GOHOREL 


of his outstanding contributions to the 


i lephone field is the development and tre duc - 
( rossbat 


He 


sonally conceived this system and supervised its 


tion on a world-wide scale of a new 


switching system named Pentaconta per- 


development. 
\Ir. 
Légion d’Honneut i] 
Having served from 1948 to 1954 as president 
Pelephone Manu 


] 


Gohorel w made a Chevalier de 


is 


1950. 


of the Association of French 
facturers, he was made an honorary president of 
that group. His general activities in the industry 
were extensive. 


\[r. 
New York City on \pril 30, 1960, alter 


Gohorel died at Memorial Hospital in 


a linger- 


ing illness. 
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